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I. INTRODUCTION
Since the initiation of the project on load and resistance factor
design in 1976, two progress reports have been submitted to American Iron
and Steel Institute. Those publications summarized the research findings
on the statistical analysis of mechanical properties and thicknesses of
materials accompanied with the calibration of the AISI design criteria on
utilization of cold work, effective design width formulas for stiffened
compression elements, allowable stress formulas for unstiffened compression
elements, welded connections and bolted connections.
This report presents the progress made on the development of
the load and resistance factor design of cold-formed steel during
the past seven months.
Article 11.1 summarizes a recent study of welded connections
based on some additional test data. The calibrations based on the newly
revised design provisions for bolted connections and the new AWS design
provisions for welded connections are also presented in this Article.
Article 11.2 contains the procedures and methods to be used for
calibrating the axially loaded compression ~embers. The calibration
of Section 3.6 of the AISI design specification considers the present
design formulas (1968 Edition) and the proposed changes.
Based on the progress made to date, a preliminary summary is
presented in Article 11.3.
This investigation was sponsored by American Iron and Steel
Institute. The technical guidances provided by the AISI Task Group
on Load and Resistance Factor Design (K.H. Klippstein, Chairman,
D.H. Hall, and D.S. Wolford, members), the advisors for the AISI Task
Group (R. Bjorhovde, N.C. Lind, F.J. Phillips, C.W. Pinkham and
G. Winter), the AISI Staff (A.L. Johnson and D.P. Cassidy) and our
consultant, M.K. Ravindra, are gratefully acknowledged. Thanks
are also due to J.H. Senne for his advice during the conduct of
this project.
Special thanks are extended to Mrs. Alice Crangle for typing
this report.
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II. RESEARCH ACTIVITIES DURING THE PERIOD OF
JANUARY THROUGH JULY 1977
During the period of January through July 1977, the following
activities were carried out on the load and resistance factor design
of cold-formed steel:
(1) Additional studies of connections.
(2) Development of the procedures and methods to be used for
calibrating the design provisions on axially loaded com-
pression members.
(3) Calibration of the AISI design provisions and the proposed
changes for the axially loaded columns.
Details of the above listed subjects are discussed in this
Article.
3
411.1 ADDITIONAL STUDIES OF CONNECTIONS
11.1.1 Additional StudyofWeldedCortnections
The calibration of the AISI design provisions on welded connections
has been discussed in the Second Progress Report, (3) in which a limited
number of tests (ten fillet welds and thirty two resistance welds)
have been used for calibration. Recently, additional test data on
fusion welds (31 longitudinal fillet welds, 13 transverse fillet
welds and 9 puddle welds) have been collected and analyzed statistically.
These test results have been used for the calibration of Section 4.2.1
of the AISI Specification. Tables la, lb, and lc contain the ratios
of the tested shear strengths of welds to the specified tensile
strengths of electrodes. In these tables, t is the thickness of steel
sheet, L
w
is the length of fillet weld, (Pu)t is the tested ultimate
load o.f fillet weld of length "L
w
", FExx is the specified tensile strength
of the electrode and (Tu)t is the tested shear strength of weld computed
as follows in accordance with the current AISI Specification.









All test data were obtained from Refs. 4 through 8 for the tests
failed in shearing of fillet welds or the combination of sh~~ing of
fillet welds aDd other modes of failur~~ Ibe symbols US~A in tbese
tables to describe the type of failure modes are defined as follows:
PC - Plate tearing along the contour of the weld toe, i.e., near
the fusion line.
PL - Out of plate plastic deformations, which may accompany the
other modes of failure.
5PT - Transverse plate tearing across the critical section.
WS - Shearing of the weld material.
It can be seen that the values of (T ) /FE for the combination of shear-u t xx
ing of the welds and other modes of failure are relatively smaller than
that of shearing of the weld material.
The procedures used for calibration were presented in Article
11.5.2 of the Second Progress Report. By using the mean values and
coefficients of variation of the professional factor, P and V , as listed
m . P
in Tables la, lb and lc and other values of M
m
, VM' Fm, VF ' Qm and VQ used
previously in the Second Progress Report, the values of safety index can
becomputed for three types of fusion welds as given in Table 2.
11.1.2 Calibration of the Proposed Specification Changes, £o~tB~ibed
Connections.
11.1.2.1 Proposed Revision of Section 4.5 of the AISl Specification(9)
The proposed revision of Section 4.5 of the AISI Specification uses
the ultimate tensile strength, F , instead of yield point, F , for the
u y
determination of minimum spacing, edge distance, allowable tension
stress and bearing stress. In addition, the revised Section 4.5 for
bolted connections includes new provisions for materials and bolt
installation, new design criteria for bolted connections without washers
and higher allowable shear stresses for bolts in accordance with the
Specification for Structural Joints Using ASTM A325 and A490 Bolts of
the Research Council on Riveted and Bolted Structural Joints. (10)
The following proposed provisions safeguard against four types of
failure which may occur in the cold-formed steel bolted connections.
(1) Minimum Spacing and Edge Distance in Line of Stress
The clear distance between bolts which are arranged in rows
6parallel to the direction of force, also the distance from the center of
any bolt to that end or other boundary 'of the connecting member towards




when F IF > 1.15, e = P/(O.5 F t)
u y m~ u
when F IF < l.15, e i = P/'{0.45 F t)
u y m n u
(1.2.1)
(1. 2.2)
where e. = minimum value of clear distance between bolts in line of
m1n
stress or the distance measured from the center of any
bolts to the end or other boundary of the connecting member
towards which the pressure-,is direct·ed.
P • force transmitted by bolt
t = thickness of thinnest connected part
F = specified minimum ultimate tensile strength of steelu
F = specified minimum tensile yield point of steely
d = diameter of bolt.
In addition, the minimum distance between centers of bolt holes shall
provide sufficient clearance for bolt heads, nuts, washers and the
wrench but shall not be less than 3 times the nominal diameter. Also,
the distance from the center of any bolt to the end or other boundary
of the connecting member shall not be less than 1 1/2 d.
(2) Tension Stress on Net Section
The tension stress, Ft , on the net section of a bolted connection
shall not exceed 0.6 F , nor shall it exceed the following allowabley
stress:
(a) When t ~ 3/16 in.:
(b) When t < 3/16 in.:
F = 0.50 Ft u (1.2.3)
7(i) With washers under both bolt head and nut
For double shear connection:
Ft = (1-0.9r+3rd/s) 0.50 F < 0.50 Fu - u
For single shear connection:
Ft = (1-0.9r+3rd/s), 0.45 Fu S 0.45 Fu
(1.2.4)
(1.2.5)
(ii) Without washers under both bolt head and nut, or with only
one washer:
Ft = (1-r-2.5rd/s) 0.45 F < 0.45 Fu - u (1. 2. 6)
where Ft = allowable tension stress on net section
r = the force transmited by the bolt or bolts at the section
considered, divided by the tension force in the member at
that section. If r is less than 0.2, it may be taken
equal to zero.
s = spacing of bolts perpendicular to line of stress. In the
case of single bolt, s = width of sheet.
F , F , d and t are defined previously.
u y
(3) Bearing Stress irtBolted Connections
The bearing stress on the area (d·t) shall not exceed the following
allowable bearing stress, F ,
P
(a) With washers under both bolt head and nut
(i) t > 3/16 in.: F = 1.50 F (1.2.7)
P u
(ii) 0.024 in. < t < 3/16 in. , for inside sheet of double
shear connection
with F IF > 1.15: F = 1.50 F (1.2.8)
u y p u
with F IF < 1.15: F = 1.35 F (1.2.9)
u y P u
8(iii) 0.024 in. ~ t < 3/16 in., for single shear and outside
sheets of double shear connection:
F = 1.35 Fp u (1.2.10)
(iv) For t < 0.024 in., F will be determined on the basisp
of test data and a factor of safety of 2.22.




t > 3/16 in.: F = 1.50 F (1.2.11)p u
0.036 in. < t < 3/16 in., for inside sheet of double
shear connection and F IF > 1.15: F = 1.35 F
u y - p u
(1.2.12)
(iii) 0.036 in. ~ t < 3/16 in., for single shear and outside
sheets of double shear connection and Fu/F > 1.15:y
F = 1.00 Fp u n.2.13)
(iv) For 0.036 in. < t < 3/16 in. and F /F < 1.15 and for
u y
t < 0.036 in •• the allowable bearing stress shall be
determined from test data by using a factor of safety
of 2.22.
(4) Shear Stress on Bolt
Shear stress on the gross cross-sectional area of bolt, under dead
and live loads, shall not exceed the following values:
(a) ASTM A307 Bolt, Type A
(b) ASTM A325 and A449 Bolts*
(i) When threading is excluded from shear planes
10 ksi
30 ksi
(ii) When threading is not excluded from shear planes 21 ksi
* A449 bolts are to be used only for the diameter of bolts less than 1/2 in.
9(c) ASTM A490 and A354 Grade BD Bolts*
(i) When threading is excluded from shear planes
(ii) When threading is not excluded from shear planes
40 ksi
28 ksi
11.1.2.2 Statistical Data on Mean ResiStance of Bolted Connections
(1) Minimum Spacing and EdgaDistance in Line of Stress
For F IF > 1.15, the mean resistance for the longitudinal shearing
u y-
capacity of steel sheet can be computed as follows:
R = (P) = etF
n u p u
R = M F P (R ) = M F P (etF )
m mmm n mmm u
For F IF < 1.15, the mean resistance is:
u y
R = (P) = 0.9 etFun u p
R = M F P (R ) = M F P (0.9 etF )





In the above equations, e is the edge distance, t the thickness, F
u
the ultimate tensile strength of connected steel sheet and M the mean
m
value computed by [(F)t t/(F) ifi d]' which has been found to beu es u spec e
1.10. (3) F is assumed to be 1.00 and P equals to [(P ) I(p ) ] ,
m m ut upm
in which (Pu)t is the tested failure load and (Pu)p is the failure
load predicted by Eq. (1.2.14) or Eq. (1.2.i6) whichever is applicable.
The following mean values and coefficients of variation of professional
t (11-15)factor, P, were obtained from tes s and Eqs. (1.2.14) and (1.2.16)
Case L
Case 2.
Single shear, with washers, F IF > 1.15 (49 tests)
u y-
Pm = 1.13, Vp = 0.12 (see Table 3a)
Double shear, with washers, F IF > 1.15 (39 tests)
u y-
P = 1.18, V = 0.14 (see Table 3b)
m P
* A354 Grade BD bolts are to be used only for the diameter of bolts
less than 1/2 in.
10
Case 3. Single shear, with washers, F IF < 1.15 (10 tests)
u y
Pm = 1.09, V~ = 0.21 (see Table 3c)
Case 4. Double shear, with washers, F IF < 1.15 (10 tests)
u y
Pm = 1.04, Vp = 0.08 (see Table 3d)
Case 5. Single shear, without washers, F IF > 1.15 (8 tests)
u y-
Pm = 1.06, Vf = 0.11 (see Table 3e)
Case 6. Single shear, without washers, F IF < 1.15 (8 tests)
u y
Pm = 1.26, V~ = 0.18 (see Table 3f)
The requirements included in the Proposed Revision of Section 4.5
of the AISI Specification fortna'minimum spacing and edge distance
is equivalent to the following equation
(1.2,,18)
in which D is the specified dead load, L is the specified live load
c c
and cD and cL are deterministic influence coefficients and SF is the
factor of safety. Therefore, the mean resistance becomes:
R = SF(cDD + cLL ) M F Pm c c mmm
(2) Tension Stress on Net Section
(10 2.1-9)
The mean resistance for the tensile capacity of steel sheet is
R = M F P (net width)to = M F P (s-d)to
m m m m net m m m net (1.2.20)
in which d is the diameter of holes, t is the thickness of steel sheet,
s is the spacing of the bolt normal to the direction of force, for a
single bolt, it is the full width of connected sheet. The term cr t
ne
represents the average tension stress in the net section, which is
computed by Eqs. (1.2.3) through(1.2.6) multiplied by a factor of
2.0; M = 1.10, F = 1.00 and P = [(0 ) 1(0 )]. The
m m m net t net p m
11
tested values of (crnet)t were obtained from the experimental data given
in Refs. 11, 12, 14, 15 and 16. The predicted values of (cr ) were com-
net p
puted as (cr ) = (SF)(Ft ) = 2 Ft'net p
The following is a summary of P and V for five different cases:
m p
Case 7. t > 3/16 in., with washers (9 tests)
Pm = 0.98, Vp = 0.10 (see Table 4a)
Case 8. t < 3/16 in., double shear, with washers (51 tests)
Pm = 1.14, Vp = 0.20 (see Table 4b)
Case 9. t < 3/16 in., stog1e shear, with washers (58 tests)
Pm = 0.95, Vr = 0.21 (see Table 4c)
Case 10. t < 3/16 in., multi-bolted, with washers (21 tests)
P = 1.10, V = 0.12 (see Table 4d)
m p
Case 11. t < 3/16 in., single shear, without washers (37 test data
presented in Fig. 1 of this report. It is taken from
Fig. 10 of Ref. 14)
Pm = 1.04, Vp = 0.14
The tension strength on the net section of a bolted conne~tion in the
Proposed Revision of Section 4.5 of the AISI Specification is
(s-d) tcr t = SF(cDD + cLL )ne c c (1.2.21)
Therefore, the mean resistance of the connection is written as follows:
R = SF(cDD + cLL ) MF P
m c c mmm
(3) Bearing Stress in Bolted Connections
(1.2.22)
The mean resistance for the bearing capacity between steel sheet and
bolt is
~ = M F P (SF) F td
.1Il m m m p (1.2.23)
12
in which, t is the thickness of steel sheet, d is the nominal diameter
of the bolt, SF is the factor of safety, F is the allowable bearingp
stress and P is equal to [(P )t/(P ) ] • The values for (p) were
m u upm ut
obtained from Refs. 11 through 15 and predicted values (P ) , were
u p
computed from the equations given in Table S. The mean values and
coefficients of variation of the professional factor are:
Case 12. t ~ 3/16 in., with washers (5 tests)
Pm = 0.90, Vp = 0.08 (see Table Sa)
Case 13. 0.024 in. < t < 3/16 in., double shear, with washers,
F IF > 1.15 (18 tests)
u y-
P = 1.03, V = 0.22 (see Table 5b)
m P
Case 14. 0.024 in. < t < 3/16 in., double shear, with washers,
F IF < 1.15 (5 tests)
u y
P = 0.97, V = 0.07 (see Table 5c)
m P
Case 15. 0.024 in. < t < 3/16 in., single shear, with washers,
F IF > 1.15 (19 tests)
u y-
P = 1.02, V = 0.20 (see Table 5d)
m p
Case 16. 0.024 in. < t < 3/16 in., single shear, with washers,
FU/Fy < 1.15 (16 tests)
Pm = 1.05, Vp = 0.13 (&ee Table 5e)
Case 17a. 0.036 in. < t < 3/16 in., single shear, without washers
F IF ~ 1.15 (13 tests)
u y
p = 1.01, V
m p
0.04 (see Table Sf)
Case 17b. 0.036 in. ~ t < 3/16 in., double shear, without washers
F IF > 1.15 (8 tests)
u y-




The bearing capacity on the area t-d in the Proposed Revision of
Section 4.5 of the AISI Specification is:
P = (SF)F td
u p
Therefore, the mean resistance between steel sheet and bolt can be
written as follows:
R = (SF)(cDD + eLL) M F Pm c c -1n m m
(4) Shear StresS on Bolt
(1.2.25)
The mean shear resistance of a bolt can be written in the following
form: (3)
(1. 2. 26)
in which Tf is the actual ultimate shear stress, crf the actual ultimate
tensile stress and F the nominal ultimate tensile stress of the bolt
u
material. The term ~A represents the stress area equal to the shank
area if the shear plane passes through the shank, and it is the stress
area if the shear plane passes through the threads.
The coefficient of variation of the resistance, VR, contains
three parameters, VM' VF and Vp as shown below:
(1.2.27)
In view of the fact that a combination of the variation of the bolt
material properties, VM, and the design assumptions, Vp ' can be con-
sidered to be
the value of VR can be computed as follows:
/




In the above equation, the value of VF is assumed to be 0.05 to reflect
the tolerance of the cross-sectional area of the bolt.
The following statistical data are computed on the basis of the
test data provided in Refs. 11, 12, 17 and 18 for bolted connection
tests. Figures 2, 3 and 4 show the relationship between Tf/crf and bolt
diameter for A307 and A325 bolts.
Case 18. Double shear, with washers, ASTM A307 bolts, 3/8 in.
diameter (11 tests)
Tf 0.68, V _ 0.11(cr)m =
f
crf 1.28, V = 0.06(F)m =
u
122 2VR = 0.11 +0.06 +0.05
= 0.13
















I 2 2 2VR = 0.10 +0.06 +0.05
= 0.13











VR = 0.06,.+0.07 -:IrO.. 05
= 0.10










( 2 2 2VR = 0.06 +0.07 +0.05
= 0.10
Case 23. ASTM A325 bolts, 1/4 in. diameter (30 tests)
Tf(cr-)m = 0.64,
f
v = 0.08 (on root area)
v = 0.08 (on stress area)
I 2 2 2VR = 0.11 +0.08 +0.05
= 0.12
v = 0.07
v = 0.09 (on root area)






Y= 0.09 (on stress area)
v = 0.09
I 2 2 2VR = 0.07 +0.09 +0.05
= 0.12
Case 25. ASTM A325 bolts, 1/2 in. diameter ~12 tests)
Lf(cr)m = 0.69,
f
v = 0.08 (on root area)
v = 0.08 (on stress area)
I 2 2 2VR = 0.09 +0.08 +0.05
= 0.13
The allowable shear of a bolt according to the Proposed
Revision of Section 4.5 of the AISI Specification can be computed
as follows:
(1.2.30)
in which AG is the gross area of the bolt and Fv is the allowable
shearing stress. Therefore, the mean resistance of the bolt is
(1.2.31)
l~
11.1.2.3 Calibration of the Proposed Revision of the AISISpecification
for the Design of Bolted Connections
The calibration of the Proposed Revision of Section 4.5 of the AISI
Specification for Bolted Connections includes the twenty-five cases
listed above. It follows the procedures presented in Article 11.2
of the Second Progress Report.
The mean values and coefficients of variation of the random
variables reflecting the uncertainties in design assumptions
(P and V ) for the first three types of failure are listed in
m p
Table 6a. The mean values and coefficients of variation of the
variables reflecting the uncertainties in a combination of the bolt
material properties and the design assumptions for the case of
shearing of the bolt ace listed in Table 6b. The mean values and





and VF) and load effects (~ and VQ) were taken from the Second
Progress Report. (3)
Once the values of Rm, VR, ~ and VQ were computed, values of
safety index, S, for various cases of bolted connections can be
calculated. (3) These values are presented in Tables 6a and 6b for
D/L = 1/10 to 3.0
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11.1.3 Calibration of the Proposed Code "Welding Sheet Steel in
Structures, AWS DI.3-77", for Welded Connections
11.1.3.1 General
The proposed code entitled "Welding Sheet Steel in Structures,
AWS DI.3-77", is applicable to the welding of cold-formed, sheet or
strip steels 0.180 in. or less in thickness to itself or to thicker
steel when used for load carrying purposes in structures. The
provisions contained in this code are coordinated with AWS DI.I,
Structural Welding Code, and are intended for use in welding thin steels
where provisions of AWS DI.I do not apply.
11.1.3.2 Allowable Loads for Arc Spot Welds (Puddle Welds)
The allowable load of an arc spot weld with matching fillet metal
used in a lap joint shall be
P = 2.2t d F , kips (1.3.1)
nat
When d/t > 240/~, buckling of sheet steel may occur. In thisy
case, the allowable load of an arc spot weld shall be reduced to
P = 1.4t d F , kips
nat
(1.3.2)
If the diameter of the arc spot weld is too small, failure is
possible caused by the weld shearing from the material. The capacity
of the joint based upon this type of load is
(1.3.3)
In the above equation,
P = Allowable load of an arc spot weld, kips
= Permissible unit tensile stress in sheet steel
= O.4F , kips
u
(1.3.4)




F = Permissible unit shear stress in weld metalw
= 0.3FE ' ksi (1.3.5)xx
F = Specified minimum tensile strength of weld metal, ksiExx
F = Yield point of sheet steely
t = Thickness of sheet steel for single sheet, or combined
thickness of sheet steel for double sheet, if galvanized
sheet is used, the value of t includes galvanized coating,
inches
t = Net thickness of sheet steel, is same as t, except if
n
galvanized deduct the thickness of galvanizing from the
thickness of each sheet. If the thickness of galvanizing
is not known, deduct 0.0015 in.
d Diameter of the outer surface of an arc spot weld, in.
d = Average diameter of an arc spot weld, in.
a
= d - t (for a single sheet)
= d - 2t (for a double sheet)
(1.3.6a)
(1.3.6b)






11.1.3.3 Allowable Loads for Fillet Welds
The allowable load of a fillet weld for matching electrode and
base metal combinations is considered to be governed by the thickness
of the sheet steel and shall be
(i) Tension: P = LtFt , kips
(ii) Shear: P = LtFs' kips
but shall not exceed
P = Lt F , kips
ww





P = Allowable load of a fillet weld of length L, kips
Ft = Permissible unit tensile stress in sheet steel
= O.4F , ksi
u
F = Permissible unit shear stress in sheet steels
= O.3F , ksi
u
F = Permissible unit shear stress on throat of fillet weld
w
= O.3FExx ' ksi
FExx Specified minimum tensile strength of weld metal, ksi
t = Thickness of steel sheet, in.
L = Length of fillet weld, in.
t Throat of fillet weld, in.
w
11.1.3.4 Mean Resistance and Coefficient of Variation of Fusion Welds
The tested failure loads, (P ) , of thirteen arc spot welds (Figs.
u t
5a and 5b) were taken from Refs. 4 and 6 and the predicted failure loads
were computed by using the following two formulas for the ultimate
strength of spot welds:
2(2.2)t d 0 when d/t < 240/;0-
n a u y
(P) = 2(1.4)t d 0 when d/t > 240/;0-
u p n a u y
(1.3.11)
(1.3.12)
These't~sted and predicted values are presented in Table 7. The mean
value and its coefficient of variation of the test-to-prediction ratio
are also listed in this table.
For fillet welds, the strength capacity is not only dependent on
the thickness and the ultimate tensile strength of the sheet steel, but
is also dependent on the shape of the cover plates. For longitudinal
fillet weld with galvanized plate sheet as cover plate, the failure
load can be predicted by the following equation for the failure mode
"PT" as shown in Fig. 5c.
(p ) 1= 2(0.8)t Wa
u p n u (1.3.13)
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in which (p ) 1 is the predicted failure load, t is the net thickness
u p n
W is the width and a is the tested tensile strength of cover sheets.
u
Because of the slight eccentricity on the welds, a reduction factor of
0.8 is used for the usual capacity. In the actual practice, short
fillet welds have greater strength per unit length than longer fillet
welds. For this reason, the following optional formula may be used for
longitudinal fillet welds in shear on sheet steel having length of 2~ in.
or less (See Fig. 5c)
(1.3.14)
above.
in which, L is the total length of the weld, t and a are defined as
n u
The tested failure loads (p) of 64 specimens were taken from
u t
Refs. 4 and 6 and the predicted failure loads, (P ) 1 and (P ) 2 were
u pup
computed by using Eqs. (1.3.13) and (1.3.14). These values are presented
in Table 8a. The mean values and their coefficients of variation of the
test to prediction ratios are also listed in Table 8a.
For longitudinal fillet welds with thick galvanized channel section
as cover plates (See Fig. 5d), the predicted failure load, (p ) , is
u P
computed as follows for the failure mode "PT".
(p) = 2t Wa
u p n u
(1.3.15)
Twenty-two tested failure loads, (Pu)t' of longitudinal fillet welds
with channel section as cover plates and the corresponding predicted
values computed by Eq. (1.3.15) are presented in Table 8b. The mean
value and its coefficient of variation are also listed in this table.
Table 9a presents fifty-five values of failure loads of transverse
fillet welds with flat sheet as cover plates (See Fig. 5e). The tested
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failure loads, (Pu)t' were taken from Refs. 4 and 6 and the predicted
failure loads, (P ) , were computed from the following equation:
u p
(P) = 2t Llo
u p n u (1.3.16)
in which Ll is the length of each transverse weld as shown in Fig. 5e.
Table 9a also contains the mean value and its coefficient of variation
of the test to prediction ratios of failure loads.
For transverse fillet welds with channel section as cover plates
(See Fig. 5f), the predicted failure load, (P ) , is computed by the
u p
following equation:
(P) = 2(O.8)t Llo
u p n u (1.3.17)
Fourty-two tested failure loads, (Pu)t' were taken from Refs. 4 and 6.
The tested and predicted failure loads, the mean value and its coefficient
of variation of their (P )t/(P) ratios are presented in Table 9b.
u u p
The symbols used in Tables 7, 8 and 9 and Figs. 5a through 5f to describe
the type of failure modes of the test specimens are defined as follows.
They are identical to those used in Refs. 4 and 6.
PC - Plate tearing along the contour of the weld toe; i.e., near
the fusion line
PS - Longitudinal shearing of the cover plates along practically
parallel planes whose distance equals the diameter of the
puddle weld
PB - Shearing-tearing along two distinctly inclined planes with
considerable piling up of the cover plate material in front
of the puddle weld
PT - Transverse plate tearing accross the critical section. The
tearing may be at any angle to the applied stress
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PP - Parent plate tearing around the weld (which occured only for
light gage parent plates)
PL - Out of plate deformations, which may accompany the other modes
of failure
WS - Shearing of the weld material
WP - Longitudinal weld failure by peeling action due to bending of
the cover plate
W - Any other type of weld failure except WS
11.1.3.5 Calibration
For most of the welded light gage steel specimens listed in Tables
7, 8 and 9 the strengths of the welded connections were governed by the
connected sheet rather than the weld metal. The failure loads are
predicted by Eqs. (1.3.11) through (1.3.17) which are involved with
three variables: mechanical properties, dimensions of the connected
sheet and geometry of the welds and the design assumptions. These can
be represented by three dimensionless random variables M, F and P which
are defined previously. The calibration can be performed by using the
procedures outlined in Article 11.2 of the Second Progress Report~3) The
following is an illustrative detailed determination of the safety index
for the first case given in Table 10.
The mean resistance and the coefficient of variation of the arc spot
welds are:
R =MFPR
m m m m n
= M F P (FS)(cDD + cLLc)m m m c
in which, M (0 IF) = 1.10, Vo IF = 0.08 (Ref. 3)m u u m u u
F = 1.00, VF = 0.15 (Ref. 32)m
P = 1.05, Vp = 0.17 (Table 7)m
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FS = factor of safety
= 2.S
R = (1.10)(1.00)(1.OS)(2.S)(CDDc + cLLc)m
= 2.89(cDDc + cLLC)
V = / 0.072 + 0.lS2 + 0.17 2R
= 0.24
In the evaluation of ~ and VQ, the following mean values and
coefficients of variation have been used(32)
A = 1.00, VA = O.OSm
B = 1.00, VB = 0.10m
C = 1.00, Vc = 0.04m
D = Dc' V = 0.04m D
L = L VL = 0.13m c'
cD = cL
The mean load effects and its coefficient of variation are computed by
the following equation
o = cA (C D + B L )111 m mm mm
(DC/LC)2(V~+V~) + (V~+V~)
(D /L )2+2(D /L )+1
c c c c








= .~- - 2 .-.- -- :::7
,0.24+0.13
= 3.89
Values of safety index for various cases of welded connections are
presented in Table 10.
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11.2 CALIBRATION OF THE DESIGN PROVISIONS
ON AXIALLY LOADED GOMPRESSIONMEMBERS
11.2.1 Introduction
There are two basic failure modes of axially loaded cold-formed
steel columns:
(1) Flexural buckling, where failure is about a principal
axis of the cross section.
(2) Torsional-flexural buckling, where failure includes torsional
and transverse deformations.
Both of these failure modes have been investigated at Cornell
U ' . (19,22,25-31) d . l' . h b h h 'n~vers~ty an an extens~ve ~terature w~t ot t eoret~cal
and experimental developments has been generated. The investigations have
produc~d successful models of predicting the maximum capacity in both
the elastic and the inelastic range. In the elastic range the classical
bifurcation buckling theory has been used, and in the inelastic range
this theory has been extended through the application of. the tangent
modulus concept~19-2l) In addition, the changes in the strength properties
of the material (i.e., F and F ) due to cold-forming have been incorpo-y u
d . h d" h (20-22) d' . b 1 1rate ~nto t e pre ~ctLon t eory, an ~nteract~on etween oca
and overall buckling has been considered~28,29)
While one cannot say that we know enough about all possible design
situations, much work has been done and a unified theory, based on the
tangent modulus strength of initially perfectly straight columns, has
been successfully used. Just how successful this theo~y is can be seen
in Table 11 where the statistics of the test-to-prediction ratios,
(P ) /(P )~I' for a number of, test pTo8ra~ahave been summarized. The
u t u oliO!
supporting data for these summaries are present~d in.Tablesl3 through 21.
27
From the comparison between test and prediction, it is quite evident
that the tangent modulus theory, including the complications due to the
cold- forming effect, interaction between local and lateral buckling, and
tortional-flexural buckling, is about as successful as one could expect
of any theory.
Unfortunately, the application of the theory to design practice has
two short-comings:
(l} The computational effort is far too great for design office use.
(2) Data for the computations have to be first determined from the
laboratory.
These two short-comings make it also difficult to use the tangent
modulus theory for calibration. Far too many numerical studies would
need to be made to collect a full family of column curves, as was done
for hot-rolled columns at Lehigh. Furthermore, the available data on
the tangent modulus (see Tab le 12 and Figs. 6 and n are far too crude
to lead to useful results. A number of attempts were made in trying to
achieve calibration, but these lead to contradictory results. For this
reason, the design approximations used in the AISI Specification will
be used as the basis for predicting the maximum capacity, as outlined
in a later section.
11.2.1 BaSic DatafotMechantcal 'PropettiesofMatetia1
Based on the First and Second Progress Reports, (2,3) the following
mean values and their coefficients of variation of mechanical properties
of cold-formed steel were used for calibration of the A1S1 design
I'l"llvlnfnn:-: nn nxJaJly loaded compression members:
(F) = 1.10 F ,VF = 0.10y m y y (2.2.1)
(F) = 1.10 F , VF = 0.07um u
u
B




where F F F and t are nominal yield point. tensile strength,y' u' yc •
yield point of the corner and the thickness of the steel, respectively;
R is the inside bend radius, B = 3.69 (F IF )-0.819(F IF )2-1 •79 ,
c u y u y
If the cold work effect is considered in design, the average
yield point of a steel member can be computed by Eq. (2.2.4)
F
F = F [C..k + 1 - C]ya yf Fyf
(2.2.4)
In the above equation, Fyf is the weighted average tensile yield point
of the flat portion which may be taken as the virgin yield point, F ,
Y
and C is the ratio of the total corner area to the total cross-sectional
area of the full section of a given compression member.
In Eq. (2.2.4), the nominal value of C may be used for its mean
value C. The coefficient of variation of C has been selected as
m
follows(2):
Vc = 0.20 (2.2.5)
By using the numerical values given in Eqs. (2.2.1), (2.2.2), (2.2.3)
and (2.2.5), the mean value and the coefficient of variation of the
average yield point of a steel member can be obtained by Eqs. (2.2.6)
and (2.2.7):(2)
F









(J = 2/3 F to F
p Y Y (2.2.8)
For the cold~formed, thin-walled stub columns, the relationship
between the tangent modulus and the applied compression stress is
defined by Chajes, Fang and Winter as follows:(l9)
in which E = modulus of elasticity, Et =
point of the material, and C = 4.5.
(2.2.9)
tangent modulus, F = yield
y
The ratio between the predicted tangent modulus, E
t
, and the
modulus of elasticity, E, is
(J (J
= 4.5 F (1 - F )
Y y
(2.2.10)
Table 12 ~Tesents the measured values of (Et)test/E based on
50 test results given in Fig. 13 of Ref. 19. Also listed in Table 12
a~e predicted values of E IE determined in accordiance with Eq.(2.2.10)t
to 0.97 F. The meany
in Fig. 6 for a comparison
The mean values of (E /E) are also included in this table for eight
t m
different stress levels ranging from 0.66 F
Y
values of (Et/E)m and Eq. (2.2.10) are shown
between the tested and predicted ratios of the tangent modulus to
modulus of elasticity.
The coefficients of variation of the modulus ratio, VE IE' have
l
Iwt'll computed and are listed in Table 12. They are ~lotted in Fig. 7.
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The trend in Fig. 7 indicates an enormous increase in the coeffi-
cient variation of the tangent modulus as the axial stress increases.
This is caused by the difficulty of defining the slope of the stress-
strain curve accurately in the region where this curve flattens out, and
it has nothing to do with actual behavior. Unfortunately it is nec-
essary to have accurate tangent modulus data, and until such information
is available calibration can only proceed on the basis of test data, as
outlined in Article 11.2.7.
11.2.3 Basic Approach for Calibration of the Design Provisions on
Axially Loaded Compression Members
The procedure used for calibration of the AISI Specification have
been presented in Ref. 3. The purpose of this calibration is to
determine the value of the safety index ~ inhere~t in the current
design of axially loaded columns as characterized by Section 3.6 of the
AIS1 Specification. Similar as Refs. i and 3, the calibration has been
performed for the combination of dead and live loads for axially loaded
compression members.






is the mean resistance and VR the coefficient of variation of
the resistance, while Q
m
and VQ are the corresponding quantities for
the load effects.
The mean load effect, Q , for a combination of dead and live loads
m
is assumed to be of the form
o = A (c C D + cLB L )
'rn m Dmm mm
(2.3.2)
in which A is a mean value of a random variable repr·esenting the
m
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uncertainties in structural analysis t and Band C are mean values ofm m
random variables reflecting the uncertainties in the transformation of





=1.00 and cD = cLt the coefficient of variation
of load effects t VQt is
V =Q







In this equation t VAt Vct VDt VB and VL are coefficients of variation
associated with the uncertainties in the structural analysis t dead and
live load random variables At Bt Ct Band Lt respectively. Because of
the use of relatively small tributary areas for cold-formed steel
members t the mean values of dead and live loads t D and L t may bem m
assumed to be the specified values of D and L t respectively. Eq. (2.3.3)
c c
can be written in the following form:
v •Q
(Dc/LC)2(V~+V~)+(V;+V~)
(D IL )2+2(D IL )+1
c c c c
(2.3.4)
In the application of Eq. (2.3.4)t the following assumed values of
coefficients of variation








of load effects are the same as those used and
(2.3.5)
The values of R
m
and VR will be discussed in Article II.2.6 through
11.2.10 of this report.
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11.2.4 AISI Desi~ Provisions on Axially Loaded Compression Members
(1968 Edition)
The current AISl Specification(l) subdivides the design criteria
for compression members into the following three categories based on
the three types of buckling modes:
(1) Shapes not subject to torsional-flexural buckling
Section 3.6.1.1 of the AISI Specification deals with flexural
buckling of compact and noncompact doubly sYmmetric shapes t closed
cross-section shapes t cylindrical sections t any other shapes which can
be shown not to be subject to torsional-flexural buckling and those
members braced against twisting. The allowa~le compressive stresses
for the axially loaded columns ':tOt subject to torsional-flexural buckling
shall not exceed the following values of Fa!:
For KL/r not greater than C /IQ :
c
2
12 QF 3 (QFy) KL 2F
a1 = - 23 2 (r-) (2.4.1)23 y
7f E








E = modulus of elasticity = 29,500 ksi
F
al = allowable average compression stress under concentric loading,
ksi
K = effective length factor
L = unbraced length of member, in.
r = radius of gyration of full, unreduced cross section, in.
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F = yield point of steel, kaiy ~
Q = a factor determined in Article 11.2.5 of this report.
When the factor Q is equal to unity, the steel is 0.09 inch or
more in thickness and KL/r is less than C :
c
2[1 - (KL/r) ] F
2 C2 Y
Fa1 = ----.-...;;;~-----=3
5/3 + 1 (KL!r) (KL/r)
8 CC BCC )3
c
(2.4.3)
(2) Compact single symmetric and nonsymmetric shapes (i.e. Q = 1.0)
of open cross section or intermittently fastened components
of built-up shapes which may be subject to torsional-flexural
buckling:
The AISI Specification requires in Section 3.6.1.2 that the average
axial stress cr = P/A shall not exceed the allowable compression stress
F
al [Eqs. (2.4.1) through (2.4.3)] for flexural buckling, nor Fa2 for







where F = allowable average compression stress under concentric loading
a2
ksi
crTFO = elastic torsional-flexural buckling stress under concentric
loading which shall be determined as follows:
(a) Singly symmetric shapes: For members whose cross-section have
one axis of symmetry (x-axis), UTFO is less than bothcrex and









A = cross-sectional area
( 2 2 2r = r +ry+x.
o x 0
= polar radius of gyration of cross-section
about the shear center, in. (2.4.10)
r r = radii of gyration of cross-section about the centroidal
x' y
principal axes, in.
E = modulus of elasticity = 29,500 ksi
G = shear modulus .- 11,300 kai
L = unbraced length of compression member, in.
K = effective length factor
x = distance from shear center to centroid along the
o
principal x-axis, in.
J = St. Venant torsional constant of the cross-section,
in. 4 • For thin-walled sections composed of n segments
of uniform thickness, J - -3
1 L:l.t.
~ 1
t. = steel thickness of the member for segment i, in.
1.
Ii = length of middle line of segment i, in.
C = warping constant of torsion of the cross-section, in. 5
w
(b) Nonsymmetric shapes: shapes whose cross-section do not
have any symmetry, either about an axis or about a point,
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aTFO shall be determined by rational analysis or by tests in
accordance with Section 6 of the AISI Specification.
(3) Compression members composed of noncompact singly symmetric,
nonsymmetric or intermittently fastened components of built-up
shapes which are subject to torsional-flexural buckling can be con-
servatively proportioned by replacing F by QF in Section 3.6.1.2y y
[Eqs. (2.4.4) and (2.4.5)] or their strength may be determined by
test in accordance with Section 6 of the AISI Specification. In the
above, Q is defined in Article 11.2.5.
11.2.5 Effect of Local Buckling on Column Strength
Local buckling of thin-walled compression members may result in a
reduction of the overall column strength. If an axially loaded short
column has a compact cross section, the column strength is governed by
yielding rather than buckling, at the yield stress F. The maximumy
- -'.colu~ load P , can be determined as follows:y
p = AFy y (2.5.1)
However, for the same length of the column if the width-to-thickness
ratio, wit, of compression elements are relatively large, the thin-
walled compression member may fail through local buckling at a stress
smaller than the yield point.
instead of F , theny
pI = A (QF )
Y Y
Assuming the reduced stress is QF
y
(2.5.2)
where Q is a factor smaller than unity representing the weakening
influence due to local buckling. The value of Q depends on the form
or shape of the thin-walled aection. The form factor, Q, can be
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computed in accordance with the 1968 Edition of theAISI Specification
as follows for various types of sections:
(1) Members Composed Eutirely of StiffenedEl~ents
When a short compression member is composed entirely of stiffened
elements (e.g., a box section) it will fail when the edge stress of
the stiffened elements reaches the yield point. Using the effective
width concept, the column will fail under a load
(2.5.3)
where A
eff is the sum of the effective area of all stiffened elements
computed for f = 0.60 F •
Y
Comparing the above equation with Eq. (2.5.2), it is obvious
that
(2.5.4)
where Q is the area reduction factor.
a
(2) Member Composed Entirely ofUnstiffenedElemertts
If a short compression memberis composed entirely of unstiffened





where cr is the critical local buckling stress of the unstiffened element.
cr
Comparing the above equation with Eq. (2.5.2), it is found that
Q = cr IF = F IF
s cr y c b (2.5.6)
where Q is the stress reduction factor, F is the allowable compressive
s . c
stress on the unstiffened element and Pb is the basic design stress.
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(3) Members Composed of Both Stiffened and Unstiffened Elements
If a short compression member is composed of both stiffened and
unstiffened elements (e.g., a channel section), the useful limit of
the member will be reached when the stress in the weakest unstiffened
element reaches the critical local buckling stress cr • In this case,
cr
the effective area, A~ff will consist of the full area of all unstiffened
elements and the sum of the reduced area of all stiffened elements. The




Comparing the above equation with Eq. (2.5.3)
cr
cr
Q "" A~ff A:F
Y
A' cr




= ( eft) (~)
A Fb
(2.5.8)
where Q is a form factor, Q' is an area reduction factor, and Q is a
a s
stress reduction factor.
From the above discussion, it can be seen that the effect of local
buckling on column strength can be considered for columns which will fail
in local buckling by merely replacing F by QF. The same is true fory y
columns'having moderate KL/r ratios.
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11.2.6 Calibration of the AISl Design Provisions on Cold-Formed Steel
Columns Subjected to Elastic Flexural Buckling
A slender axially loaded column will usually fail by overall
flexural buckling if the cross section of the column is a doubly
symmetric shape, closed shape, cylindrical shape or point-symmetric
shape. The elastic critical buckling load for a long column can be
determined by the Euler formula as shown in Eq. (2.6.1)
(2.6.1)
where PE is the Eu2er buckling load, E is the modulus of elasticity,
I is the moment of inertia of the cross section, L is the column
length, and K is the effective length factor.
It has been shown(32) that the modulus of elasticity, E, is
equal to its nominal value. In addition, the coefficient of variation
of E is 0.06. The mean value of the fabrication factor is assumed
to be 1.0 as previously used. All uncertainties in fabrication are
combined in a single value of 0.05. Thus, the following values are




= 1.00, VF = 0.05
The professional factor, P = (P)t/(Pu).p· and itS coefficient
of variation, Vp ' reflect the uncertainties in the design assumptions.
and (P) are the tested and predicted critical loads of
u p
columns, respectively.
The mean resistance of a column, based on the nominal value, R ,n
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can be determined by the following equation:
R =MFPR
m m m m n
The coefficient of variation of the resistance is
In the calibration, the tested failure loads, (Pu)t' were
(2.6.3)
(2.6.4)
obtained from Refs~ 26 and 27.
were computed from Eq. (2.6.1).
The predicted failure loads, (P ) ,
u p
These tested and predicted failure
loads are listed in Table 13. The mean value of professional factor,
P = [(P )t/(P ) ] , and its coefficient of variation, V , are also
m u upm P
listed in this table.
Using these values together with the values given in Eq. (2.6.2),
the mean value of the resistance, R , and the coefficient of variation,
m
VR, can be computed by Eqs. (2.6.3) and (2.6.4). Substitution of R ,m
VR, ~ and VQ into Eq. (2.3.1) gives the values of ~ for various se~
of dead and live loads. These values are presented in Table 22.
11.2.7 Calibration of the AISI Design Provisions on Cold-Formed Steel
Columns Subjected to Inelastic Flexural Buckling
11.2.7.1 Prediction Model
In order to maintain continu~ty with the AISI Specification, the
Column Research Council Basic Column curve(33) as shown in Fig. 9 has
been used. The critical buckling stress of a column in the inelastic
range is
F = F (1 - O.25A2)
cr y
(2.7.1)
where F is the yield point of the steel and A is the slenderness
y
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parameter defined as follows:
A ~ KL.! iFTi
r 1T" r yl C (2.7.2)
In the above equation, L is the column length, K is the effective
length factor, E is the modulus of elasticity and r is the radius of
gyration.
The maximum capacity of a column governed by inelastic buckling
is then,
P = AF (1 - O. 25 A2)
cr y
where A is the cross-sectional area of the column.
(2.7.3)
It can be seen that the ultimate strength depends on: (1) the
cross-sectional area, A; (2) the yield stress, Fy ; and (3) the shape
2
of the inelastic curve, (1 - O.25A).
The statistical properties (i.e., mean and V) of the inelastic






Comparison to Approximating Model
(Parabolic Transition)
Since there is not enough inform~tio~ to fully develop the second step,
one must go directly from the test to the approximating model.
This approximating parabolic curve, as well as the whole expression
for P , can be adapted to all situations encountered in cold-formed
u
steel columns subjected to inelastic buckling.
11.2.7.2 Mean Values and Coefficients of Variation of Critical
Buckling Loads
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For axially loaded compact compression members subjected to
inelastic flexural buckling, the mean value of critical buckling
load can be written as follows:
(P ) = M F P (p )
cr m m m m cr n
= M F P AF (1 - 0.25A 2)
mmm y (2.7.4)
in which, M = 1.1, F = 1.0, F is the specified minimum yield point,
m m y
A is defined by Eq. (2.7.2) and P is defined as follows:
m
In the above, (Pu)t is the tested failure load of the column and (Pu)p
is the predicted failure load in accordance with the AISI provisions
on axially loaded compression members [i.e., Eq. (2.7.3~
The coefficient of variation of the resistance is
(2.7.6)
where, VM, VF' and Vp are the coefficients of variation accounting the
uncertainties in the material properties, in the fabrication and in
the design assumptions, respectively.
For axially loaded noncompact compression members subjected to
inelastic flexural buckling, the mean value of critical buckling load
can be written as
= M F P AQF (1 - 0.25A 2)
mmm y (2.7.7)
in which Q is defined in Article 11.2.5 and other quantities are
already defined.





The calibrat~on is performed for the following cases of inelastic
flexural buckling:
- Compact columns, cold work of forming considered
- Non-compact columns composed entirely of stiffened elements
- Non-compact columns including unstiffened elements
- Non-compact columns, cold work of forming considered
(1) Compact columns, cold work of forming considered
Ten test results reported in Ref. 22 were used in the calibration
of compact columns governed by inelastic flexural buckling with cold
work of forming considered. The values of (Pu)t and (Pu)TM were taken
from Ref. 22. (P), (P ) f(p )TM and (P ) f(p) are computed values.
u put u u t u p
These values are presented in Table 14. Also listed
in this table are values of F ,A, KL/r and A. The mean value andya
the coefficient of variation of P were found to be 1.09 and 0.05
respectively. These values are also included in this table. In Eq.
(2.7.4) the nominal value of A may be used for its mean value A .
m
The coefficient of variation of A is assumed to be 0.05. Using these
numerical values together with those in Eqs. (2.2.6) and (2.2.7), the
mean value and the coefficient of variation of the resistance can be
computed from Eqs. (2.7.4) and (2.7.6)
R
m
(1.lO)(1.OO)(1.09)AF (1 - a.25h 2)ya
2
= 1. 20 A F (1 - 0.25 flo )ya
= 0.13
(Pu)TM' were also taken from graphs in Ref. 28.
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A substitution of these values of R ,V to gether with values of
m R
~ and VQ defined by Eqs. (2.3.2) and (2.3,4) into Eq. (2.3.1) give the
values of safety index for various values of D /L ratios and A. For
c c
A = 1 and D /L = 1/3 the numerical value of 8 is 4.60. These values
c c
of safety index are presented in Tables 22 and 23.
(2) Non-compact columns composed entirely of stiffened elements
In the determination of Pm and Vp ' the values of (Pu)t were taken
from Ref. 28. The failure loads predicted by tangent modulus theory,
The values of (P )
u p
were computed in accordance with Sections 3.6.l.l(a) and 2.3.1.1 of the
AISI Specification. Since the data on cold work of forming were not
given the section is considered to have uniform mechanical property.
For columns having rectangular box sections~28) the values of the
area reduction factor, Q , were determined by using Eq. (2.5.4) on the
a
basis of the effective width equation specified for closed square and
rectangular tubes. Values of A were computed from Eq. (2.7.2). Table
.(Pu)t (P)t
14 shows values of (Pu)t' (Pu) 'I'M , (iJ'p~ .A, A, _Q~,'~I(p., ,and (P) for
u 'I'M u p
eighteen cold-formed steel columns composed entirely of stiffened
elements. The mean value and the coefficient of variation of the
professional factor, P, are also included in Table 15.
The mean resistance and its coefficient of variation can be
computed by using Eqs. (2.7.7) and (2.7.8)
R = (1.l0)(1.00)(0.97)AQF (1 - 0.25A2)m y
2




Following the establishment of R
m
and VR, the values of the safety
index can be computed by using Eq. (2.3.1). These values are also
presented in Table 22.
(3) Non-compact columns including unstiffened elements
In this calibration, the tested failure 10ads,(P) , were obtained
u t
from Refs. 28 and 29. The values of (P) were computed in accordance
u p
with Sections 3.6.l.l(a) and 3.2 of the AISI Specification. The values
of the stress reduction factor, Qs' were determined by Eq. (2.5.6) on
the basis of tbe,equati0n8~dn unstiffened elements. The values of (P ) ,
u t(Pu)t (Pu)t
(P)TM' (P)p' h' A, ,Q, '(P) :tnda~d (P) for thirty-one cold-formed
u 'I'M u p
steel columns including unstiffened elements are presented in Table 16.
The mean resistance and its coefficient.of variation can be
computed from Eqs. (Z.7.7) and (Z.7.8)
R = (1.10)(1.00)(1.53) AQF (1 - 0.25A 2)
m y
= 1.68AQF (1 - 0.Z5A Z)y
= 0.27
A substitution of R
m
, VR' Qm and VQ into Eq. (2.3.1) gives the
values of S. These values are also listed in Table 22.
(4) Non-compact columns, cold work of forming considered
Twelve test results reported in Cornell Bulletin No. 70_1(30)
were used in the calibration of columns governed by inelastic
buckling with cold work of forming considered. The tested failure
load, (P ) , and the failure load predicted by tangent modulus theory,
u t
(Pu)TM were obtained from Ref. 30 and the values of (P) were computedu p
in accordance with Sections 2.3.1.1, 3.1.1.1, 3.2 and 3.6.l.l(a). The
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tested and predicted failure loads are presented in Table 13. Also
listed in this table are values of '(P)TM' Fya ' A, KL/r and A. The
mean value and the coefficient of variation of the professional
factor were found to be 1.10 and 0.08, respectively. These values
are also included in Table 17.
The mean resistance and its coefficient of variation can be
computed from Eqs. (2.7.7) and (2.7.8)
R = (1.10)(1.00)(1.10)AQF (1 - O.25A2)
m ya
= 1.21 AQF (1 - O.25A 2)ya
= 0.14
A substitution of R
m
, VR, Qm and VQ into Eq. (2.3.1) gives the
values of safety index, p. These values were presented in Table 22.
11.2.8 CalibrationofthePropo~edChangeson 'Steel 'ColumrtsSubjected
to InelaSt1c Flexutal Buckling
Recent research at Cornell University on the uns~1ffened compression
elements and on the interaction of local and overall buckling(3l) has
shown that the same basic effective width equation may be used for both
stiffened and unstiffened compression elements and that the interaction
of local and overall buckling involving the factor Q may be replaced by
the method proposed in Ref. 31 by using the effective section properties
in connection with the proposed column formulas. The effective section
properties (i.e., A and r) are to be computed for the buckling stress
which in turn must be determined by using the effective cross section.
The same test data used in Tables 15 and 16 were used for
calibration of the proposed AISI design provisions on axially loaded
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compression members. In Ref. 31, Pekoz recommended that the following
generalized form of effective width equation may be used for the design
of both stiffened and unstiffened compression elements with wit ratio
larger than 85.611q.





In this equation, wit = flat-width ratio, b = effective design width,
q = flK, f = actual stress in the compression element computed on the
basis of the effective design width, and K • plate buckling coefficient,
which is determined by rational analysis. In this investigation, K were
taken as 4 for stiffened elements and 0.5 for unstiffened elements.
The mean value of critical buckling load of a column can be
written as follows:
(P ) = M F P A ffFy (1-O.25A 2 ) (2.8.2)cr m m m me'
in which, A
eff is the effective area of the cross section. The effective
width is computed by Eq. (2.8.1)
"
On the basis of Eq. (2.8.3), the coefficient of variation of the
resistance is formulated as fo11ws:
(2.8.3)
In the calibration, the tested failure loads, (Pu)t' were obtained
from Refs. 28 and 29.
from Eq. (2.8.5)
The predicted failure loads, (P ) , were computed
u p
(p) = A ffF 1(1.92)
u pea (2.8.4)
in which, F is allowable average compression stress under concentric
al
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loading. It is specified in the Proposed Changes as follows:
F
al = 0.522 F - ( KL/r F )2y 1494 y (2.8.5)
In the above, K is the effective length factor; L, the unbraced length
of member; and r, the radius of gyration of effective cross section
computed by load determination effective width equation (2.8.1) at stress
for
eighteen columns composed entirely of stiffened elements and thirty-one
columns including unstiffened elements were presented in Tables 18 and
19, respectively.
The slenderness ratios of seven columns composed entirely of stiff-
ened elements (S-14, S-24, S-33, 8-34 and 8-45) become greater than the
limit value of C when the proposed changes of the AISI Specification
c
is used for calculation of the radius of gyration. The maximum capacity
of these columns was thus determined by Euler's elastic buckling formu-
la, and in Table l8a, where the comparison between tested and predicted
failure loads is presented, they are designated as columns subjected to
"elastic flexural buckling" to distinguish them from the test columns
for which L/r < C and which are designated as having subjected to "in-
c
elastic flexural buckling" in Table l8b. This table presents data for
eleven columns composed entirely of stiffened elements for which L/r <
C. Similar data are given in Tables 19a through 19d for columns con-
e
taining also unstiffened elements. The mean values and the coefficients
of variation of the professional factor are also included in these tables.
The mean resistance and its coefficient of variation can be computed
by using Eqs. (2.6.3) and (2.6.4). For columns composed of entirely of
stiffened elements subjected to the elastic flexural buckling, the mean
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resistance is
Rm = (1.00)(1.00)(1.03)(P) = 1.03(P )u pup
The coefficient of variation of the resistance is
= 0.13
For columns composed entirely of stiffened elements subjected to








effFy (l - 0.25A )
The coefficient of variation of the resistance is
== 0.12
For columns including unstiffened elements subjected to the elastic
flexural buckling (Table 19a), the mean resistance is
R =1. 50(P )
m u p
The coefficient of variation of the resistance is
= 0.14
For columns including unstiffened elements subjected to the inelastic
flexural buckling (Table 19b), the mean resistance is
The coefficient of variation of the resistance is
I 2 2 2VR = 0.10 + 0.05 + 0.10
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VR = 0.15
For columns including unstiffened elements subjected to the elastic
flexural buckling(Table 19c), the mean resistance is
R = 1.19(P )
m u p
The coefficient of variation of the resistance is
VR = ;I 0.062 + 0.052 + 0.032
= 0.08
For columns including unstiffened elements subject to the inelastic
flexural buckling (Table 19d), the mean resistance is
R
m
= (1.10) (1.00) (1.13)A
effFy (1 - 0.25A
2)
2
= 1.24 AeffFy(l - D.25A )
The coefficient of variation of the resistance is
= / 0.102 + 0.05 2 + 0.oa 2
= 0.14
Following the establishment of ~ and VR, the values of the safety index
can be computed by using Eq. (2.3.1). These values of ~ are also listed
in Table 22.
11.2.9 Calibration of the A1S1 Design Provisions on Cold-Formed Steel
Columns Subjected to Elastic Torsional-Flexural Buckling
For singly symmetric shapes with the x-axis as the axis of
symmetry, the member may buckle either in the flexural buckling mode
about its y-axis or buckle in the torsional-flexural mode. For the
latter case, the critical buckling load is given by Eq. (2.9.1)
P = 1Q [P + P _ I<p +P ) 2-413P P ]










P = ( ~ + GJ]
z (KL)






torsional buckling load about z-axis
(2.9.3)
(2.9.4)
C = warping constant of torsion of the cross section
w
3E = modulus of elasticity = 29.5 x 10 ksi
3G = shear modulus - 11.3 x 10 kai
x = x-coordinate of shear center
o
r = polar radius of gyration of cross-section about shear
o
center
J = St. Venant torsional constant of the cross-section
L = unbraced length of column
K = effective length factor







[ w + 0.38 J]
(KL)2
The mean value of the critical load for the elastic torsiona1-
flexural buckling of a column is
(P ) = L [(P ) +(P) _ I [(P ) +(P ) ] 2+4S (P ) (P ) ] ]
cr m 2S x m z m x m z m x m z m
(2.9.6)
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In the above equation, (p) and (P) contain terms which reflect
x m z m
the uncertainties in material property, M (i.e., modulus of elasticity)
and the uncertainties in fabrication, F (i.e., I , L, 13, C , J).
x w
The mean value of E can be taken as its nominal value and the
coefficient of variation of E is assumed to be 0.06 as previously
used. All uncertainties in fabrication are combined in a single
value of 0.05 and the professional factor, P = (P ) /(P) can be
u t u p
obtained from the test data and predicted values by using the current
design provisions on axially loaded compression members.
The mean value and the coefficient of variation of the resistance
can be computed by using Eqs. (2.6.3) and (2.6.4).
The tested failure loads, (Pu)t,of eight column specimens of this
type were taken from Ref. 19. The predicted failure loads, (Pu)t'
were computed on the basis of Eq. (2.4.5). These tested and predicted
failure loads are compared and listed in Table 20. The mean value
and the coefficient of variation of the professional factor are also
listed in this table.
Using these values together with the values given in Eq. (2.6.2),
the values of the resistance, Rm' and the coefficient of variation,
V
R
, can be computed by Eqs. (2.6.3) and (2.6.4), i.e.
R = 1.11(P )
m u p




, VR, ~ and VQ into Eq. (2.3.1) gives values of p
for various sets of dead and live loads. These values of Pare
II.2.10
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also included in Table 22.
Calibration of the AISI Design Provisions on Cold-Formed Steel
Columns Subjected to Inelastic Torsional-Flexural Buckling
The critical buckling stress of a column governed by inelastic
torsional flexural buckling can be predicted as follows:
F = F (1 - 0.25h2)
cr y (2.10.1)
where Fy is the yield point of the steel and h is the slenderness
parameter defined by Eq. (2.10.2)
(2.10.2)
in ~1hich, 0TFO is the elastic torsional-flexural buckling stress.
The mean value of critical buckling load can be written as
(2.10.3)
in which, A is the cross-section~l area, F is the specified minimumy
yield point and A is the slenderness parameter.






' and Vp are the coefficients of variation accounting the
uncertainties in the material properties, in the fabrication and in the
design assumptions, respectively.
In the calibration, thirty values of tested failure loads, (P ) ,u t
and the failure loads predicted by the tangent modulus theory, (Pu)TM'
were obtained from Ref. 19.
basis of Eq. (2.4.4). These
The values of (P) were computed
u p
values together values of (Pu)TM'
on the
F , A,y
A KLI r (P) j (P) and (P ,). J(P) are 1>rle:&ented in Tab1e 21. The
, x' u t u TM u t u p
mean value and the. co'efficient of varLat,ion of the- profesiona.1 factor
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were f0JJ.nd to be 1.20 and 0.14, respectively.
The mean resistance and its coefficient of variation are computed
by using Eqs. (2.10.3) and (2.10.4)
Rm = (1.00 A)(1.10 F )(1.20)(1y
= 1.32 A F (1 - 0.25A2)y
= 0.18
A substitution of R
m
, VR, ~ and VQ into Eq. (2.3.1) gives the
values of safety index for various values of D and ~. For A= 1
c
and D = 10 psf the numerical value of {3 is 4.20. These values of
c
were presented in Table 22.
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I!. 3 SUMMARY
During the period of January through July 1977, the research
activities on load and resistance factor design of cold-formed steel
in~ludes: 1) additional study of welded connections, 2) calibration
of the proposed revision of bolted connectionsanci the newlAWS Code
for welded connections, 3) development of the procedures and methods
to be used for calibrating the design provisions-on...axially loaded
compression members, and 4) calibrations of the AISI design provisions
and the proposed changes for the design of axially loaded columns.
The preliminary research findings are presented in this report.
Values of the safety index for various cases of welded and bolted
connections and axially loaded compression members have been derived
and evaluated on the basis of the principles of first order probabilistic
theory by using the available test data on mechanical properties and
the failure loads of these types of members. The selection of 8 and
the determination of the resistance factor, ~, will be made at a
later date after other design provisions are calibrated.
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III. FUTURE STUDY
With regard to the future study, it is planned to advance the work
according to the time schedule presented in the proposal.
In the near future, it is planned to carry out the following
studies:
(1) Lateral buckling of beams,
(2) Combined axial and bending stresses,
(3) Web design of beams,
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A = Analysis factor - Cross-sectional area
A
eff = Effective area of cross section
AG = Gross area of bolt
ASA = Stress area of bolt
A = Effective area of throat of weld
w
B = Live load transformation factor
B = 3.69(F IF )-0.8l9(F IF )2-1•79
c u y u Y
b = Effective design width
C = Dead load transformation factor = Ratio of total corner




C = Warping constant
w
c = Influence factor
c = Subscript defining code - specified loads
D = Dead load intensity
d = Diameter of the bolt - Diameter of outer surface of an arc
spot weld
d = Average diameter of an arc spot weld
a
d = Effective diameter of an arc spot weld at fused surface
e
E = Modulus of elasticity
Et = Tangent modulus
e = Edge distance
F = Fabrication factor
F
al , Fa2 = Allowable compression stress under concentric loading
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Fb = Basic design stress
F = Maximum allowable compression stress on unstiffened elements
c
FExx = Specified ultimate tensile strength of weld metal
F = Allowable bearing stress on steel sheetp
Ft = Allowable tension stress on net section = Permissible unit
tensile stress in steel sheet
F = Specified ultimate tensile strength of steel sheet or bolt
u
F - Allowable shear stress of bolt according to AISI
v
Specification
F = Permissible unit shear stress in weld metal
w
F = Specified yield point of steely
F = Average yield point of sectionya
F = Tensile yield point of cornersyc
Fyf = Weighted average tensile yield point of the flat portion
f = Actual stress in the compression element
G = Shear modulus
J = St. Venant torsional constant
K = Effective length factor = Plate buckling coefficient
L = Live load intensity = Length of column
L = Length of weld
w
M = Material factor = Bending moment
m = Subscript defining mean value = A constant equal to
0.l92(F IF )-0.068
u y
n = Subscript defining nominal resistance
P = Professional factor = Allowable load
P = Critical load of column
cr
PE = Elastic buckling load
P = Ultimate failure load
u
P = Euler flexural buckling load about x-axis
x
P = Torsional buckling load about z-axis
z
p = Subscript defining predicted value
Q = Load effect = Stress and/or area reduction factor
Q
a
= Area reduction factor
Q
s
= Stress reduction factor
q = f/K ratio
R = Resistance of a structural member = Inside bend radius
r = Bolt force ratio
r , r , r = Radii of gyration0 x y
SF = Factor of safety
s = Spacing of fasteners
t = Base steel thickness
t = Net thickness of steel sheetn
V = Coefficient of variation
w = Flat width of an element exclusive of fillers
x = x-coordinate of the shear center0 x
B = Safety index = A constant equal to 1-(-..2.) 2r
0
A = Slenderness parameter
cr = Actual stress
cr = 7T2E/(KL/r )2ex x
crf = Ultimate tensile strength of bolt
crnet =
Average tensile stress at failure of bolted connection
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a = Proportional limitp
a TFO = Elastic torsional-flexural buckling stress under concentric
loading
63
at = -.!- [GJ +
Ar2
o
a = Tested ultimate tensile strength of steel sheet
u
a = Tested yield point of steel sheety
T f = Ultimate shear strength of a bolt
T = Ultimate shear strength of weld metals
u
64
APPENDIX B. Sample Calculations
t=O.058 in. p w =1.25 in., D =3.00 in.,
o 0





Sample Calculation of (Pu)p for an Axially "Loaded Column (Specimen U-21)
, /I
, ..W••,.25.1 .. lVo -J4S ,
Ij
EPOXY""/
Calculation of Sectional Properties
w = w -(R+t) = 1.25-0.58 = 1.192 in.
o
1 = L57(R+ ~) = 0.0455 in.
wit = 1.192/0.058 = 20.55
D = D -2(R+t) = 3-2(0.058) = 2.884 in.
o
D/2t = 2.884/(2xO.058) • 24.86
Afu11 = (2D+4"w+41)t =(2x2.884+4xL192+0.0455)xQ.058
2
= 0.622 in.
Calculation of factor Q
(w/t)lim 1 =
(w/t)1im 2 =
63.3/~ = 63.3//41.9 = 9.78y
144/~ = 144/141.9 = 22.25
y





0.6 F = (0.6)(41.9) = 0.693
y
(w/t)lim = 171//£ where f = Fc
= 171//17.42 = 40.97
Since wit < (w/t)l. Q = 11m' a
Q = Q Q = 0.693
s a
Calculation of design loadaccordirtgtotheAISISpecification
= !2x9.87x29,500/(0.693x41.9)
= 141. 61
Since L/r < Cy c
F
a1
= 12 QF _ -1. (QFy ) 2 (KL) 2
23 y 23 1J'2E r





Calculation of the predicted failure load and the test-to-prediction
ratio
= 17.99 kips
(p ) /(p) = i~·~~ = 1.45u t up.
The same values of (P) and (P )t/(P) are listed in Table 16 for




Sample Calculation of (P) for an Axially Loaded Column by Using
u p
the Proposed Changes (Specimen No. U-21)
t = 0.058", w = 1.25", D = 3.00",
a a
R = 0, L/r = 12, F = 41.9 ksiy y
(Pu)t = 26.11 kips
q I






Calculation of Sectional Properties and Length of Column
w = w -(R+t) = 1.25-0.058 = 1.192 in.
o
1 = 1.57(R+t/2) = 0.0455 in.
wit = 1.192/0.058 = 20.55
D = D -2(R+t) = 3-2(0.058) = 2.884 in.
o










-t)2 t = 0.8594 in~
2(2w )\1~ + 2(Do-2t)t(~)2 =
0.1513
0.6217 = 0.4934 in.








fq = K' where K = 0.5 for unstiffened elements, and
K = 4.0 for stiffened elements
(w/t)l" = 85.6//18/0.5 = 14.27 (unstiffened elements)l.m
(D/2t)lim = 85.6/j18/4~0 = 40.35 (stiffened elements)
(4)
(5)









2t (2 w +t+R) 3
eff + 2(D -2t)t(E.)2 = 0 0725 i 412 eff 2 • n.




= -0-.3"-5""-8-:-2 = 16.52 in.
L/r eff 2(10) Fa1 = 0.522 Fy-(Fy 1~94) = 21.87-0.22 = 21.65 ksi
(11) 21. 65 ksi> 18 ksi NG




(w/t) " = 85.6//21.6/0.5 = 13.02ll.m
(D/2t) = 85.6//21.6/4.0 = 36.84lim
20.55 > 13.02 --w = 126.4(0.058) [1 _ 27.6]
eff 121.6/0.5 20.55 /21.6/0.5
= 0.8875 in.
(5) 24.86 < 36.84 ~Deff = D = 2.884 in.
(6) Aeff = 2t(2 weff+Deff+21) = 0.5510 in~
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(7) 4= 0.0598 in.
(8) r eff =(I /A = 10.0598/0.5510 = 0.3295 in.yeff eff
(9) L/ryeff = 0:3~;5 = 17.97 in.
L/r
(10) F
a1 = 0.522 F -(F yeff)2 = 21.87-0.25 = 21.62 ksiy y 1494
(11) F
a1 is close to f, OK
Calculation of the Predicted Failure Load and the Test-to-Prediction
Ratio
(P) = A ffF 1(1.92)u pea
= (0.551) (21.62) (1.92) = 22.89 kips
(pu> t _ 26.11 _
(P) - 22.89 - 1.14
u p
The same values of (P) and (P ) /(P) are listed in Table 19b
u put u p
for Specimen No. U-21.
Table la
Ratios of the Tested Shear Strengths of Welds and the Specified Tensile Strengths
of Electrode for Longitudinal Fillet Welds
Type of L (P)t (Tu) t F (Tu) tSpecimen t w ExxFailure (in. ) (in. ) (kips) (ksi) (ksi) FExx
• .
. .
A/8 18/1 C1 PC+PL+WS 0.0505 6.30 10.32 1t5.81 60. 0.161t6
A/8 18/1 C2 PC+Pl+WS 0.0505 1.10 11.20 41t.18 60. 0.1363
A/8 18/7 C3 PC+PL+WS 0.0495 6.90 10.80 44.12 60. 0.1453
A/8 18/7 C4 PC+PL+WS 0.0505 7.50 11.20 41.82 60. 0.6910
A/8 18/1 Fl WS+PCt-PL 0.0505 11.20 13.20 33.00 60. 0.5501
A/8 18/7 F2 WS+PC+Pl 0.0495 11.1t0 13.30 33.33 60. 0.5555A/8 18/7 F3 WS+PC+PL 0.0"'95 11.00 14.20 36.88 60. 0.6147
A/8 18/1 F4 WS+PC+Pl 0.0485 11.50 13.10 33.22 60. 0.5536
A/8 12/1 Cl WS+Pl 0.1015 8.60 23.00 35.18 60. 0.5864
A/8 12/1 C2 WSt-Pl 0.1015 8.10 23.20 35.08 60. 0.5841
A/8 12/1 C3 WS+Pl 0.1015 9.30 24.60 34.80 60. 0.5800
A/8 12/1 C4 WS+PL 0.1015 9.60 25.00 3ft..26 60. 0.5110
A/ A 12/12 f 1 WSt-Pl 0.1075 11.30 24.50 28.52 60. 0.4754
A/A 12/12 f2 WS+Pl 0.1075 11.80 24.90 27.16 60. 0.4621
A/A 12/12 F3 WS+PC+PL 0.1065 12.00 26.00 28.77 60. 0.4195
A/A 12/12 F4 WS+PC+Pl 0.1015 11.90 25.90 28.63 60. 0.4712
A/A 12/12 fS WS+PC+Pl 0.1015 11.80 26.10 29.10 60. 0.4850
A/B 18/1 C1 PL+PC+WS 0.0505 8.1t6 11.40 31.14 60. 0.6289
A/8 18/7 C4 Pl+PC+WS 0.0505 8.10 11.18 35.99 60. 0.5998
A/8 12/11 C1 PL+PC+WS 0.1065 9.90 22.80 30.58 60. 0.5091
A/8 12/11 C2 Pl+PC+WS 0.1065 10.54 25.10 31.62 60. 0.5210
A/B 12/17 C3 Pl +PC +WS 0.1065 9.94 23.00 30.13 60. 0.5121
A/B 12/11 C4 PL+PCt-PT+WS 0.1065 9.26 23.60 33.84 60. 0.5640
A/B 12/17 C5 Pl +PC+P T+WS 0.1065 9.30 22.10 32.41 60. 0.51t·02
A/8 12/1 C1 WS 0.1015 1.20 28.58 52.22 60. 0.8103




Type of L (Pu)t (T)t F (Tu) tSpecimen t w Exx -,--Failure (in. ) (in, ) (kips) (ksi) (ksi) FExx
--
A/B 12/7 C3 WS 0.1075 7.10 29.00 53.73 60. 0.8956
A/B 12/7 F6 WS 0.1015 11.50 35.50 40.61 60. 0.6768
A/B 12/7 C1 PC+WS 0.1085 8.50 30.10 ".16 60. 0.7693A/B 12/7 C2 WS 0.1085 8.48 31.00 41.65 60. 0.1941
A/B 12/1 C3 WS 0.1085 8.14 31.60 50.60 60. 0.8433
Mean 0.6218
Coefficient of Variation 0.2021
PC.~ Plate tearing along the contour of the weld toe, i.e., near the fusion line.
PL - Out of plate plastic deformations, which may accompany the other modes of failure.
PT - Tranverae plate tearing across the critical section.




Ratios of the Tested Shear Strengths of Welds and the Specified Tensile Strengths
of Electrode for Transverse Fillet Welds
Type of t L (P)t (Tu) t FExx (T)tSpecimen wFailure (in. ) (in. ) (kips) (ksi) (ksi) FExx
A/ A 18/18 Cit PC+WS 0.01t95 2.33 6.12 41.20 60. 0.6867
A/A 12/12 Pi PC+WS+Pl 0.1065 1.10 34.80 29.18 60. 0.4963
A/A 12/12 P2 P(+WS+Pl 0.1065 1.14 36.80 31.51 60. 0.5261
A/A 12/12 P3 PC+WS+PL 0.1065 7.83 36.40 30.81 60. 0.51"
A/A 12/12 C1 PC+WS 0.1065 2.40 14.14 40.18 60. 0.6196
A/A 12/12 C2 PC+WS 0.1065 2.32 12.86 36.80 bO. 0.6134
A/A 12/12 C3 PC+WS 0.1065 2.34 13.12 38.93 60. 0.61t88
A/A 12/12 C4 PC+ WS 0.1065 2.19 13.88 42.08 60. 0.7013
A/8 12/1 Cl PC+WS 0.1015 1.35 9.50 46.29 60. 0.1115
A/8 12/7 (2 PC+WS 0.1015 1.60 8.94 36.15 60. 0.6126
A/8 12/1 C3 PC+WS 0.1065 1.65 9.44 31.99 60. 0.6331
A/8 12/7 F3 PC+WS 0.1065 3.10 14.56 31.18 60. 0.5191
A/8 1211 f6 PC+WS 0.1075 3.05 14.30 30.84 60. 0.5140
Mean 0.6090
Coefficient of Uariation 0.1394
PC - Plate tearing along the contour of the weld toe, i.e., near the fusion line.
'"
PL - Out of plate plastic deformation, which may accompanytrye other modes of failure.




Ratios of the Tested Shear Strengths of Welds and the Specified Tensile Strengths
of Electrode for Puddle Welds
Type of L (P)t (Tu) t F (Tu) tSpecimen t w ExxFailure (in.) (in. ) (kips) (ksi) (ksi) FExx
A/B 12/1 01 WS 0.10&5 0.19 13.50 12.23 60. 1.2038
A/B 1211 02 WS 0.10&5 0.18 8.84 47.90 60. 0.798't
A/B 12/1 03 WS 0.1065 0.18 8.11 43.95 60. 0.1325
A/B 1211 04 WS 0.1065 0.80 8.22 43.43 60. 0.1238
A/B 1211 05 WS 0.1065 0.82 11.28 58.14 60. 0.9691
A/B 18/1 01 WS 0.0865 0.11 12.10 42.92 60. 0.1153
A/B 18/1 02 WS 0.0865 0.82 16.20 51.41 60. 0.8568
AlB 18/1 03 WS 0.0865 0.81 15.40 49.41 60. 0.8245
A/B 18/1 04 WS 0.0865 0.12 11.10 42.28 60. 0.1041
A/8 18/1 05 WS 0.0865 0.82 8.60 27.29 60. 0.4548
Mean 0.1984
Coefficient of ~TRrta~ion 0.2314




Values of Safety Index for Fusion Welds
Based on the 1968 Edition of the AISI Specification
Type









(1) Longitudinal Fillet Welds 0.63 0.20 2.48 - 2.78 2.59 31
(2) Transverse Fillet Welds 0.61 0.14 2.74 - 3.23 2.90 13




Comparison of the Tested and Predicted Failure Loads of Bolted Corinections for Shear Strength Study
Single Shear, with Washers, F IF > 1.15
u y-
------------------------.---------------------------------------------
d t F F F (P ) (P ) (P ) Ref.Specimen e e/d y u u u t _ u P u t(in. ) (in. ) (in. ) (ksi) (ksi) F (kips) (kips) (P ) No.
y- - . u p
----------------------------------------------------------20AllSS 1/4 0.036 0.38 1.50 32.1-1 41.83 1.30 0.801t 0.565 1.4231 11
20A21SS 1/4 0.036 0.63 2.50 32.11 41.83 1.30 1.210 0.941 1.2862 11
20A12SS 3/8 0.036 0.56 1.50 32.11 41.83 1.30 1.011 0.848 1.2102 11
20A22S S 3/8 0.036 0.94 2.50 32.11 41.83 1.30 1.159 1.413 1.2451 11
20A13SS 1/2 0.036 0.15 1.50 32.11 41.83 1.30 1.410 1.129 1.3C19 11
20A14SS 5/8 0.036 0.94 1.50 32.11 41.83 1.~C 1.162 1.413 1.2412 11
20A24SS 5/8 0.036 1.56 2.50 32.11 41.83 1.30 2.821 2.349 1.2009 11
20A15SS 3/4 0.036 1.13 1.51 32.11 41.83 1.30 2.284 1.102 1.3425 11
16C205SS 3/4 0.059 1.50 2.00 31.95 43.81 1.31 4.862 3.811 1.2539 11
14AllSS 1/4 0.080 0.38 1.50 29.81 43.40 1.46 1.606 1.302 1.2335 11
14A12SS 3/8 0.080 0.56 1.50 29.81 43.40 1.46 2.229 1.955 1.1403 11
14A22SS 3/8 0.080 0.94 2.50 29.81 43.40 1.46 3.893 3.251 1.1955 11
14A13SS 1/2 0.080 0.75 1.50 29.81 43.40 1.46 3.084 2.604 1.1843 11
14A23SS 1/2 0.080 1.25 2.50 29.81 43.40 1.46 4.909 4.340 1.1312 11
12AllSS 1/4 0.093 0.38 1.50 25.60 41.15 1.61 1.813 1.435 1.2635 11
12A12SS 3/8 0.093 0.56 1.50 25.60 41.15 1.61 2.801 2.155 1.3029 11
12A14S S 5/8 0.093 0.94 1.50 26.65 41.40 1.55 4.448 3.611 1.2311 11
18E12SS 3/8 0.046 0.56 1.50 46.15 68.00 1.45 1.819 1.161 1.0610 12
18E22SS 3/8 0~046 0.94 2.50 46.15 68.00 1.45 3.409 2.934 1.1619 12
18E14S S 5/8 0.046 0.94 1.50 46.15 68.00 1.45 3.235 2.934 1.1025 12
14E13SS 1/2 0.078 0.75 1.50 54.44 10.40 1.29 4.341 4.118 1.0540 12
14E23SS 1/2 0.018 1.25 2.50 54.44 10.40 1.29 1.118 6.864 1.0369 12
14E15SS 3/4 0.078 1.13 1.51 54.44 10.40 1.2e; 6.991 6.205 1.1266 12
14E2 5S S 3/4 0.078 1.88 2.51 54.44 10.40 1.29 9.998 10.323 0.9684 12
10E15SS 3/4 0.143 1.13 1.51 59.41 76.84 1.29 11.508 12.411 0.9268 12
10E16SS 1/1 0.143 1.50 1.50 59.41 16.84 1.29 14.944 16.482 0.9066 12
8E15SS 3/4 0.190 1.13 1.51 56.45 16.98 1.36 15.262 16.528 0.9234 12
SSl 7/8 0.115 1.15 2.00 35.49 49.44 1.39 12.925 9.950 1.2990 13
SSl 7/8 0.115 1.15 2.00 35.49 49.44 1.39 12.925 9.950 1.2990 13
SS4 1/1 0.116 2.00 2.00 35.49 49.44 1.39 14.211 11.470 1.2390 13
SS7 7/8 0.181 1.75 2.00 38.10 62.08 1.63 22.500 19.664 1.1442 13
SS10 1/1 0.184 2.00 2.00 38.10 62.08 1.63 25.300 22.845 1.1074 13
SS13 1/1 0.261 2.00 2.00 45.01 67.54 1.50 37.151 35.256 1.0537 13






d t F F F (P ) (P ) (P ) Ref.Specimen e e/d y u u u t u P u t(in. ) (in. ) (in. ) (ksi) (ksi) F (kips) (kips) (P ) No.y u P
----------------------------------------._--------------------------------1/2 0.051 1.02 2.04 40.60 50.10 1.23 3.491 2.606 1.3395 14
1/2 0.061 1.03 2.06 50.50 14.10 1.41 5.280 4.656 1.1340 14
1/2 0.061 1.03 2.06 50.50 14.10 1.47 5.121 4.656 1.0999 14
B-I-1-1-0 1/4 0.021 0.38 1.50 44.06 53.25 1.21 0.560 0.539 1.0386 9
B-I-1-2-0 1/4 0.027 0.38 1.50 44.06 53.25 1.21 0.515 0.549 0.9378 9
8-1-1-3-T 1/4 0.021 0.38 1.50 44.06 53.25 1.21 0.586 0.539 1.0868 9
B-I-1-4-T 1/4 0.028 0.38 1.50 44.06 53.25 1.21 0.595 0.559 1.0642 9
8-1-2-1-0 3/8 0.027 0.95 2.54 44.06 53.25 1.21 1.370 1.310 0.9998 9
8-1-2-2-0 3/8 0.027 0.95 2.54 44.06 53.25 1.21 1.265 1.345 0.9407 9
8-1-2-3-T 3/8 0.021 0.94 2.50 44.06 53.25 1.21 1.263 1.324 0.9542 9
8-1-2-4-T 3/8 0.021 0.94 2.50 44.06 53.25 1.21 1.265 1.324 0.9551 9
8-0-1-1-0 1/4 0.021 0.38 1.50 44.06 53.25 1.21 0.520 0.539 0.9640 9
8-0-1-2-0 1/4 0.021 0.38 1.50 44.06 53.25 1.21 0.540 0.539 1.0386 9
8-0-1-3-T 1/4 0.026 0.38 1.50 44.06 53.25 1.21 0.513 0.519 0.9880 9
8-0-1-4-T 1/4 0.026 0.38 1.50 44.06 53.25 1.21 0.513 0.519 0.9880 9
--------------------------------.-.-_-------------------------------Meat} P = 1.1343




Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Shear Strength Study
Double Shear, with Washers, F IF > 1.15
-- -. u v-
----_._---------------_._------------------------------------------....------
d F F F (P ) (P ) (P ) Ref.Specimen t (i:.) eld
y u u u t u P u t
(in. ) (in. ) (ksi) (ksi) F (kips) (kips) (P ) No.
Y u P
-----------------------------------------------------------_._-----20AIIDS 1/4 0.036 0.38 1.50 32.11 Itl.aS 1.30 0.863 0.565 1.5269 11
20A21DS 1/4 0.036 0.63 2.50 32.11 1t1.85 1.30 1.285 0.942 1.3644 11
20A12D 5 3/8 0.036 0.56 1.50 32.11 itl.85 1.30 1.268 0.848 1.4943 11
20A13DS 1/2 0.036 0.15 1.50 32.11 it1.85 1.30 1.520 1.130 1.3448 11
20A14D 5 5/8 0.036 0.94 1.50 32.11 41.85 1.30 1.982 1.413 1.4025 11
20A15DS 3/4 0.036 1.13 1.50 32.11 41.85 1.30 2.395 1.695 1.4130 11
16C203DS 1/2 0.059 1.00 2.00 31.95 43.81 1.31 3.324 2.585 1.2861 11
14AIIDS 1/4 0.080 0.38 1.50 29.81 43.40 1.46 1.561 1.302 1.2038 11
14A21DS 1/4 0.080 0.63 2.50 29.81 43.40 1.46 2.631 2.170 1.2153 11
14A12D S 3/8 0.080 0.56 1.50 29.81 43.40 1.46 2.504 1.955 1.2810 11
14A12SD 3/8 0.080 0.94 2.50 29.81 43.40 1.46 3.880 3.257 1.1913 11
14A13D S 1/2 0.080 0.75 1.50 29.81 43.40 1.46 3.276 2.604 1.2582 11
14A23DS 1/2 0.080 1.25 2.50 29.81 43.40 1.46 5.223 4.340 1.2035 11
12AI1DS 1/4 0.093 0.38 1.50 26.00 41.15 1.Se 1.911 1.435 1.3314 11
12A21DS 1/4 0.093 0.63 2.50 26.00 41.15 1.58 3.134 2.392 1.3104 11
12A12DS 3/8 0.093 0.56 1.50 26.00 41.15 1.58 2.151 2.155 1.2194 11
12A22DS 3/8 0.093 0.94 2.50 26.00 41.15 1.58 4.687 3.590 1.3056 11
12A14DS 5/8 0.093 0.94 1.50 26.00 41.15 1.58 4.812 3.590 1.3572 11
12A24DS 5/8 0.093 1.56 2.50 26.00 41.15 1.58 1.424 5.982 1.2412 11
10A12D S 3/8 0.143 0.56 1.50 36.60 48.00 1.31 4.550 3.864 1.1173 11
10A22DS 3/8 0.143 0.94 2.50 36.60 48.00 1.31 1.162 6.438 1.1124 11
8823DS 1/2 0.188 1.25 2.50 35.15 41.10 1.34 11.721 11.069 1.0594 11
88250S 3/4 0.188 1.88 2.51 35.15 47.10 1.34 18.212 16.641 1.0940 11
18E120 S 3/8 0.046 0.56 1.50 46.75 68.00 1.45 1.910 1.761 1.0844 12
18E220S 3/8. 0.046 0.q4 2.50 46.15 68.00 1.45 3.198 2.934 1.0898 12
1 E14DS 5/8 0.046 0.q4 1.50 46.15 68.00 1.45 3.189 2.934 1.0868 12
18E24D 5 5/8 0.046 1.56 2.50 46.15 68.00 1.45 4.q44 4.889 1.0113 12
14E13DS 1/2 0.018 0.75 1.50 54.44 10.40 1.29 4.114 4.118 1.1591 12
14E13DS 1/2 0.018 1.25 2.50 54.44 10.40 1.2Cj 1.445 6.864 1.0847 12
14E15DS 3/4 0.018 1.13 1.50 54.44 10.40 1.2Cj 7.099 6.118 1.1491 12
10E12DS 3/8 0.143 0.56 1.50 59.50 11.85 1.21 5.446 5.185 C.9414 12
10E13DS 1/2 0.143 0.15 1.50 59.50 71.85 1.21 1.658 1.1C6 0.9937 12
10E23DS 1/2 0.143 1.25 2.50 59.50 11.85 1.21 12.921 12.843 1.0065 12





d F F F (P ) (p ) (Pu \ Ref.t e
e/d y u u u t u pSpecimen (in. ) (in. ) (in. ) F (p ) No.(ksi) (ksi) y (kips) (kips) u P
------------------------------------------------------------------------------------
10E26DS 1/1 0.143 2.50 2.50 59.50 71.85 1.21 23.881 25.686 0.9297 12
SE15DS 3/4 0.190 1.13 1.50 56.45 76.98 1.36 15.525 16.454 0.9435 12
8E25DS 3/4 0.190 1.88 2.50 56.45 76.98 1.36 22.558 27.424 0.S226 12
16FAX-L14 1/2 0.062 1.25 2.50 .30.10 45.90 1.52 3.150 3.557 0.8854 15
12FAX-L19 1/2 0.106 1.25 2.50 28.10 44.10 1.57 6.371 5.843 1.0902 15
Mean'. P = 1.1757




Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Shear Strength Study
Single Shear, with Washers, F /F < 1.15
u y
F F F (P ) (p ) (P ),..
S . d t e /d y u u u t u P u l. Ref.pec~men ( . ) ( . ) ( . ) e -F (P ) N1.n. 1.n . 1.n. (k .) (k' ) (k') (k.t) 0 •S1. S1. Y 1.pS ....ps U P
--------------------------------------------------------------------12Y-lI0 5/8 0.106 2.11 3.38 12.40 12.80 1.01 13.515 14.654 0.9223 15
1Y-ll 3/4 0.183 0.62 0.83 83.10 83.80 1.01 8.510 8.551 0.9944 15
1Y-l2 3/4 0.183 0.69 0.92 83.10 83.80 1.01 8.184 9.523 0.9224 15
1Y-T3 3/4 0.183 0.62 0.83 86.40 91.30 1.06 8.029 9.323 0.8612 15
1Y-l4 3/4 0.183 1.00 1.33 83.10 83.80 1.01 13.341 13.802 0.9666 15
1Y-T4 3/4 0.183 1.00 1.33 86.40 91.30 1.06 14.000 15.031 0.9310 15
1Y-T5 3/4 0.183 1.15 2.33 86.40 91.30 1.06 25.529 26.315 0.9101 15
1/2 0.031 1.03 2.06 53.50 58.90 1.10 2.951 2.020 1.4606 14
1/2 0.031 1.06 2.12 53.50 58.90 1.10 3.010 2.019 1.4418 14






Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Shear Strength Study
Double Shear, with Washers, F IF < 1.15
u y
-----------------------------------------------------------------------------------
d F F F
(P ) {P ) (Pu) t Ref.t e
eld y u u u t u pSpecimen (in.) (in. ) (in. ) F (Pu) No.(ksi) (ksi) y (kips) (kips) p
-----------------------------------------------------------------------
7Y-l22 1/2 0.183 0.88 1.16 83.10 83.80 1.01 12.511 12.146 1.0306 15
7Y-L23 1/2 0.183 0.75 1.50 83.10 83.80 1.01 10.275 10.351 0.9927 15
7Y-L24 1/2 0.183 1.40 2.80 83.10 83.80 1.C1 24.064 19.323 1.2454 15
7Y-L25 1/2 0.183 1.50 3.00 83.10 83.80 1.01 21.960 20.703 1.0607 15
201-l5 1/2 0.038 1.00 2.00 15.10 81.70 1.08 2.485 2.794 0.8894 15
201-l7 1/5 0.038 0.41 2.35 75.70 81.10 1.e8 1.459 1.313 1.1111 15
1605X-l5 1/2 0.062 1.00 2.00 83.25 83.25 1.00 4.867 4.645 1.0471 15
1605X-l6 1/2 0.062 1.40 2.80 87.60 81.60 1.CO 6.944 6.843 1.0141 15
1205X-l10 1/2 0.106 1.40 2.80 80.50 80.50 1.00 10.918 10.152 1.0155 15
1Y-l31 1/2 0.183 1.50 3.00 82.60 82.60 1.00 20.359 20.406 0.9911 15
-------------------------------------------------------------------Mean Pm = 1.0406





Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Shear Strength Study




-----------------------------F F F (P)t (Pu)p (Pu\d t e y u u Ref.
eld -Specimen (in. ) (in. ) (in. ) F (Pu)p No.(ksi) (ksi) y (kips) (kips)
--------------------------------------------------------~-------------------------C-M/16-1 112 0.061 0.51 1.02 50.50 14.10 1.41 2.110 2.305 1.2016 14
C-M/16-2 1/2 0.061 0.52 1.04 50.50 74.10 1.47 3.090 2.350 1.3145 14
C-M/16-3 1/2 0.061 1.00 2.00 50.50 14.10 1.47 4.368 4.520 0.9663 14
C-M/16-4 1/2 0.061 1.00 2.00 50.50 14.10 1.41 4.499 4.520 0.9953 14
9-0-1-1-0 1/4 0.027 0.38 1.50 44.06 53.25 1.21 0.520 0.539 0.9640 9
8-0-1-2-0 1/4 0.027 0.38 1.50 44.06 53.25 1.21 0.560 0.539 1.0386 9
8-0-1- 3-T 1/4 0.027 0.38 1.50 44.06 53.25 1.21 0.533 0.539 0.9880 9
8-0-1-4-T 1/4 0.027 0.38 1.50 44.06 53.25 1.21 0.533 0.539 0.9880 9
----------------------------------_._-------------------------
Mean P = 1.0510





Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Shear Strength Study
Single Shear, without Washers, F IF < 1.15
u Y
d t e F F F (Pu)t (Pu)p (P)tSpecimen eld y u u Ref.(in. ) (in. ) (in. ) -(ksi) (ksi) F (kips) (kips) (P)p No.Y
-------------------------------------------------------------------------------------C-M/20-1 1/2 0.037 1.00 2.00 53.50 58.90 1.10 2.390 1.961 1.2186 14
C-M/20-2 1/2 0.037 1.00 2.00 53.50 58.90 1.10 2.362 1.961 1.2045 14
C-M/20-3 1/2 0.037 0.50 1.00 53.50 58.90 1.10 1.680 0.981 1.7131 14
C-M/20-4 1/2 0.037 0.50 1.00 53.50 58.90 1.10 1.521 0.981 1.5507 14C-M/20-5 1/2 0.037 1.00 2.00 53.50 58.90 1.10 2.151 1.961 1.0<J98 14
C-M/20-6 1/2 0.037 1.00 2.00 53.50 58.90 1.10 2.160 1.961 1.1013 14
C-M/20-7 1/2 0.031 1.00 2.00 53.50 58.90 1.10 2.190 1.961 1.1168 14
C-M/20-8 1/2 0.037 1.00 2.00 53.50 58.90 1.10 2.161 1.961 1.1011 14
--------------------------
-- ---------------_._----------Mean Pm = 1.2633






Comparison of the Tested and Predicted Ultimate Tensile Strength of Bolted Connections for
Tensile Strength Study, t ~ 3/16 in.
------------------------_._------------------------------------------
d F F F (O'net)t (O'net)p (O'net)tSpecimen t s dis y u u Ref.(in. ) (in. ) (in. ) (ksi) (ksi) F (ksi) (ksi) (O'net)p No.y
-----------------------------------------------------------------------8635051 3/4 0.197 4.00 0.19 32.00 46.00 1.44 41.40 46.(0 C.9000 11
8B45051 III 0.191 4.00 0.25 32.00 46.00 1.44 43.35 46.CO 0.9424 11
1615X-L22 3/4 0.600 2.50 0.30 45.40 54.70 1.20 61.80 54.70 1.1298 15
1615X-L23 1/2 0.600 2.50 0.20 45.40 54.70 1.20 50.90 54.10 0.9305 15
1625X-L26 3/4 0.600 2.50 0.30 38.50 49.10 1.2e 51.17 49.10 1.1644 15
1625X-L27 1/2 0.600 2.50 0.20 38.50 49.10 1.2S 42.50 49.10 0.8656 15
1625X-l28 1/2 0.600 2.50 0.20 38.50 49.10 1.2a 44.50 49.10 0.9063 15
8826551 III 0.189 4.00 0.25 32.00 46.00 1.44 43.10 46. CO 0.9500 11
8646551 III 0.188 4.00 0.25 32.00 46.00 1.44 46.98 46.00 1.0213 11
-~an------------------------------------------------------------p--;C.97Sq------




Comparison of the Tested and Predicted Ultimate Tensile Strength of Bolted Connections for
Tensile Strength Study, t < 3/16 in., Double Shear, with Washers
------------------------------------------------------------------------------------
d t F F F (O"net) t (0" ) (O"net) tSpecimen s dis y u u net p Ref.(in. ) (in. ) (in. ) (ksi) (ksi) F (ksi) (ksi) (O"net) p No.Y
-----------------------------~------------------------------------------------------,20A210S2 1/4 0.044 4.00 0.06 32.11 41.85 1.30 9.66 12.03 0.8029 1120A220S 3/8 0.034 4.00 0.09 32.11 41.85 1.30 14.85 15.96 0.9301 1120A23DS 1 1/2 0.035 4.00 0.13 32.11 41.85 1.30 20.80 19.88 1.0463 1120A33D S 1 1/2 0.036 4.00 0.13 32.11 41.85 1.30 23.60 19.88 1.1812 1120A43DS 1/2 0.036 4.00 0.13 32.11 41.85 1.30 29.00 19.88 1.4588 1120A340 S 5/8 0.035 4.00 0.16 32.11 41.85 1.30 35.81 23.80 1.5045 1120A440S1 5/8 0.036 4.00 0.16 32.11 41.85 1.30 34.56 23.80 1.4520 1120A250S 3/4 0.036 4.00 0.19 32.11 41.85 1.30 29.86 27.13 1.0170 1120A35DSl 3/4 0.036 4.00 0.19 32.11 41.85 1.3C 35.68 21.13 1.2869 1116C4030S 1 1/2 0.059 4.00 0.13 32.00 44.00 1.38 31.33 20.90 1.4990 1116C5030S 1 1/2 0.059 4.00 0.13 32.00 44.00 1.38 34.98 20.90 1.6731 1114A430S1 1/2 0.017 ( 4.00 0.13 29.80 43.40 1.46 29.71 20.61 1.4441 1114825051 3/4 0.080 4.00 0.19 29.80 43.40 1.46 28.38 28.15 0.9870 1114835051 3/4 0.071 4.00 0.19 29.80 43.40 1.46 34.21 28.15 1.1919 1114826051 1/1 0.076 4.00 0.25 29.80 43.40 1.46 37.60 36.89 1.0192 11148360S1 1/1 0.013 4.00 0.25 29.80 43.40 1.46 42.39 36.89 1.1491 1112A34DS1 5/8 0.092 4.00 0.16 26.00 41.15 1.58 31.83 23.40 1.3600 1112A44DSl 5/8 0.092 4.00 0.16 26.00 41.15 1.58 36.81 23.40 1.5154 118845051 3/4 0.181 4.00 0.19 32.00 46.00 1.44 46.50 30.47 1.5258 1118E340S1 5/8 0.045 4.00 0.16 46.75 68.00 1.45 43.98 38.67 1.1372 1218E44DSI 5/8 0.045 4.00 0.16 46.75 68.00 1.45 45.84 38.67 1.1853 12
14E25DSl 3/4 0.018 4.00 0.19 54.44 10.40 1.2<; 42.10 46.64 0.9021 12
14E45DSl 3/4 0.078 4.00 0.19 54.44 10.40 1.29 67.40 46.64 1.4451 12
10E25DSl 3/4 0.135 4.00 0.19 59.50 11.85 1.21 44.85 47.60 0.9422 12
10E160S1 1/1 0.142 4.00 0.25 59.50 11.85 1.21 35.40 61.01 0.5796 12
10E46DSI 1/1 0.141 4.00 0.25 59.50 11.85 1.21 69.40 61.01 1.1364 1214G25DS1 3/4 0.077 2.00 0.38 29.80 43.40 1.46 47.80 53.16 0.8991 1214G3505 3/4 0.076 2.00 0.38 29.80 43.40 1.46 48.30 53.16 0.9085 1214G45D5 3/4 0.076 2.00 0.38 29.80 43.40 1.46 49.10 53.16 0.9348 12
201-L9 3/4 0.039 2.50 0.30 75.50 81.70 1.C8 14.00 81.10 0.9058 15








d t F F F (anet)t (a ) (anet)t Ref.Specimen s dis y u u net p(in. ) (in. ) (in.) (ksi) (ksi) F (ksi) (ksi) (anet)p No.y
--------------------------------------------------------------------1205X-L9 7/8 0.105 3.50 0.25 81.60 81.60 1.Ce 83.25 69.36 1.2003 15
1205X-ll1 3/4 0.105 2.50 0.30 80.50 eO.50 1.CO 11.30 80.5e 0.9602 15
1Y-l32 5/8 0.183 3.00 0.21 82.60 82.60 1.00 66.20 59.88 1.1055 15
16FAX-L12 3/4 0.060 2.50 0.30 30.10 45.90 1.52 46.00 45.90 1.0022 15
16FAX-l13 3/4 0.060 2.50 0.30 30.10 45.90 1.52 46.20 45.90 1.0065 15
16FAX-L 15 1/2 0.060 2.50 0.20 31.10 45.90 1.48 43.87 32.13 1.3654 15
1610X-l18 3/4 0.060 2.50 0.30 78.40 81.50 1.04 84.32 81.50 1.0346 15
12FAX-l18 3/4 0.107 2.50 0.30 28.10 44.10 1.51 45.10 44.10 1.0221 15
12FAX-l20 1/2 0.107 2.50 0.20 28.10 44.10 1.~n 41.10 30.87 1.3314 15
1210X-l32 3/4 0.107 2.50 0.30 70.10 12.80 1.C4 77.10 12.80 1.0613 15
1210X-L25 1/2 0.107 2.00 0.25 70.10 12.80 1.04 11.10 61.88 1.2460 15
1215X-l26 3/4 0.107 2.50 0.30 65.20 69.30 1.06 66.00 69.30 0.9524 15
1215X-L29 1/2 0.101 2.00 0.25 65.20 69.30 1.06 69.83 58.90 1.1855 15
1225X-L30 3/4 0.107 2.50 0.30 36.60 50.00 1.31 53.61 50.00 1.0722 15
1225X-l31 1/2 0.107 2.50 0.20 36.60 50.00 1.31 42.40 35.00 1.2114 15
1225X-L32 1/2 0.101 2.50 0.20 36.60 50.00 1.31 42.50 35.00 1.2143 15
1225X-L33 1/2 0.107 2.00 0.25 36.60 50.00 1.31 51.50 42.50 1.2118 15
----------------------------- -- ----------------------------Mean Pm = 1.1396





Comparison of the Tested and Predicted Ultimate Tensile Strength of Bolted Connections for
Tensile Strength Study, t < 3/16 in., Single Shear, with Washers
--------------_._----------------------------------------_._--------
d t F F F (Onet)t (Onet)p (Onet) tSpecimen s dis y u u Ref.(in.) (in. ) (in. ) (ksi) (ksi) F (ks!) (ka!) (0 ) No.y net p
----------------------_._-----------------------------.-.----~------20A41551 1/4 0.035 4.00 0.06 32.11 41.85 1.30 15.50 12.03 1.2882 1120A415S2 1/4 0.035 4.00 0.06 32.11 41.85 1.30 14.87 12.03 1.2359 1120A22551 3/8 0.035 4.00 0.09 32.11 41.85 1.30 13.50 15.96 0.8461 1120A32551 3/8 0.034 4.00 0.09 32.11 41.85 1.30 14.74 15.96 0.9238 1120A32552 3/8 0.034 4.00 0.09 32.11 41.85 1.30 19.94 15.96 1.2497 1120A42551 3/8 0.035 4.00 0.09 32.11 41.85 1.30 14.35 15.96 0.8994 1120A42SS3 3/8 0.036 4.00 0.09 32.11 41.85 1.30 13.10 15.96 0.8210 1120A23S 5 1 1/2 0.035 4.00 0.13 32.11 41.85 1.30 17.15 19.88 0.8627 1120A43SS1 1/2 0.035 4.00 0.13 32.11 41.85 1.30 11.19 19.88 0.8641 1120A435S3 1/2 0.036 4.00 0.13 32.11 41.85 1.30 20.55 19.88 1.0338 1120A34SS 5/8 0.036 4.00 0.16 32.11 41.85 1.30 24.64 23.80 1.0352 1120A445S 5/8 0.035 4.00 0.16 32.11 41.85 1.30 21.90 23.80 0.9201 1120A25SS1 3/4 0.036 4.00 0.19 32.11 41.85 1.30 25.30 21.13 C.9125 1120A35S51 3/4 0.036 4.00 0.19 32.11 41.85 1.30 25.13 27.13 0.9064 1116C30555 3/4 0.059 4.00 0.19 32.00 44.00 1.38 31.28 29.15 1.0131 1116C50555 3/4 0.059 4.00 0.19 32.00 44.00 1.38 30.32 29.15 1.0401 1114A23551 1/2 0.083 4.00 0.13 29.80 43.40 i.4t 11.97 20.61 0.8117 1114825551 3/4 0.080 4.00 0.19 29.80 43.40 1.46 25.12 28.75 0.8131 1114835S51 3/4 0.077 4.00 0.19 29.80 43.40 1.46 23.79 28.15 0.8214 111484555 3/4 0.081 4.00 0.19 29.80 43.40 1.46 26.21 28.15 0.9116 1114826551 1/1 0.077 4.00 0.25 29.80 43.40 1.46 33.33 36.89 0.9035 1114836551 3/4 0.074 4.00 0.19 29.80 43.40 1.46 33.31 28.75 1.1585 1114846551 3/4 0.019 4.00 0.19 29.80 43.40 1.46 35.90 28.15 1.2486 1112A34551 5/8 0.092 4.00 0.16 26.00 41.15 1.58 31.20 23.40 1.5895 1112A44551 5/8 0.092 4.00 0.16 26.00 41.15 1.58 24.30 23.1t0 1.0383 118645551 3/4 0.187 4.00 0.19 32.00 46.00 1.44 29.07 30.41 0.9539 1118E42551 3/8 0.045 4.00 0.09 46.75 68.00 1.45 20.85 25.92 0.8042 1218E24551 5/8 0.044 4.00 0.16 46.15 68.00 1.45 29.78 38.67 C.1100 1218E345S 5/8 0.044 4.00 0.16 46.15 68.00 1.45 37.80 38.61 0.9174 1218E44551 5/8 0.045 4.00 0.16 46.75 68.00 1.1t5 35.01t 38.61 0.9060 1214E35551 3/4 0.079 4.00 0.19 54.44 70.40 1.2<; 41.95 46.64 1.0281 1214E45551 3/4 0.078 4.00 0.19 54.44 10.40 1.29 55.45 46.64 1.1889 1210E26551 1/1 0.146 4.00 0.25 59.50 11.85 1.21 55.25 61. (7 0.9047 12






d t F F F (Onet)t (0 ) (0net)t Ref.Specimen s dis y u u net p(in.) (in. ) (in.) (ksi) (ksi) F (kst) (kst) (0 ) No.y net p
---------------------------------------------------------~------------------------14G35S S 3/4 0.015 2.00 0.38 29.80 43.40 1.46 41.00 53.16 0.6840 12
14G45S S 3/4 0.080 2.00 0.38 2t1.80 43.40 1.46 46.50 53.16 0.8146 12
12Y-L 12 1/2 0.104 2.10 0.19 12.40 12.80 1.C1 50.96 47.72 1.0618 15
12Y-L13 5/8 0.104 3.30 0.19 72.40 72.60 I.C1 36.00 48.64 0.7401 15
12Y-L 14 3/4 0.104 3.90 0.19 72.40 12.80 1.Cl 10.64 49.28 1.4334 15
12Y-L 15 3/8 0.104 1.50 0.25 12.40 72.80 1.Cl 66.12 61.88 1.0685 15
12Y-L11 5/6 0.104 2.50 0.25 12.40 12.80 1.Cl 54.70 61.88 0.8840 15
12Y-L 18 3/4 0.104 3.00 0.25 72.40 12.80 1.C1 52.22 61.88 0.8439 15
12Y-L 19 1/8 0.104 3.50 0.25 72.40 12.80 1.01 52.55 61.88 0.8492 15
lY-T3 3/4 0.183 1.50 0.50 86.40 91.30 1.06 84.14 146.08 0.5801 15
1Y-L5 3/4 0.183 3.80 0.20 83.10 83.90 1.01 52.00 58.07 0.8955 15
7Y-L6 3/4 0.183 3.80 0.20 83.10 83.90 1.01 19.00 58.07 1.3605 15
12Y-L27 3/8 0.105 0.90 0.42 87.00 88.10 1.C1 85.00 118.93 0.1147 15
12Y-L28 5/6 0.105 1.50 0.42 87.00 88.10 1.01 88.70 118.93 0.1458 15
7Y-T30 3/4 0.163 1.90 0.39 87.00 88.10 1.01 96.60 113.14 0.8538 15
7Y-L20 3/4 0.183 1.50 0.50 83.10 83.80 1.Cl 84.60 134.08 0.6310 15
7Y-L21 3/4 0.183 2.50 0.30 83.10 83.80 1.C1 83.10 83.80 0.9916 15
201-Ll 1/2 0.039 1.50 0.33 75.50 81.10 1.C8 85.30 89.81 0.9"91 15
201-L2 1/2 0.039 1.50 0.33 15.50 81.10 1.08 14.90 89.87 0.8334 15
201-L3 3/4 0.039 2.50 0.30 75.50 81.10 1.C8 63.80 81.70 0.1809 15
201-TlO 1/2 0.039 1.50 0.33 94.40 99.80 I.C6 10.80 109.78 0.6449 15
201-T11 1/2 0.039 2.50 0.20 94.40 99.80 1.06 40.23 69.86 0.5759 15
1605X-Ll 3/4 0.065 2.50 0.30 83.25 83.25 1.CO 81.30 83.25 0.9766 15





Mean Pm = 0.9528





Comparison of the Tested and Predicted Ultimate Tensile Strength of Multi-Bolted Gonnections for
Tensile Strength Study, t < 3/16 in., Single Shear, with Washers (16)
- -------------------------~----
Specimen No.of.d .t .s Fy Fu Fu (cTnet)t (1net)p (Unet)t
Bolts (~n.) (~n.) (~n.) (ksi) (ksi) F (ksi) (ksi) (CT )
_____________________________________________________~ ~e!_£__
4F16A 1 3/4 0.060 4.0 31.00 44.40 1.43 23.40 29.41 0.7955
8F351 1 1/1 0.185 4.0 55.70 71.40 1.39 68.70 65.79 1.0442
14F451 1 1/2 0.078 4.0 62.50 76.20 1.22 28.40 36.19 0.1846
16A15 1 1/2 0.060 4.0 31.60 45.00 1.42 20.00 21.38 0.9357
3C16A 2 1/2 0.060 4.0 31.00 44.40 1.43 31.60 32.74 1.1483
4C16A 2 3/4 0.058 4.0 31.00 44.40 1.43 40.00 36.91 1.0838
8F352 2 1/1 0.185 4.0 55.10 17.40 1.39 80.40 71.59 1.1230
10F452 2 3/4 0.144 4.0 62.80 80.10 1.29 14.60 67.08 1.1121
14F452 2 1/2 0.018 4.0 62.50 16.20 1.22 64.00 56.20 1.1388
316Al 3 1/2 0.060 4.0 31.60 45.00 1.42 37.80 37.12 1.0182
3l6A2 3 1/2 0.060 4.0 31.60 45.00 1.42 42.00 31.12 1.1313
116A3 3 3/4 0.060 4.0 31.60 45.00 1.42 43.50 39.94 1.0892
216A3 3 3/4 0.060 4.0 31.60 45.00 1.42 43.00 39.94 1.0767
16051A 3 1/2 0.060 4.0 84.90 84.90 1.00 85.00 70.04 1.2135
16052A 3 3/4 0.060 4.0 84.90 84.90 1.00 100.00 75.35 1.3272
l6101A 3 1/2 0.060 4.0 15.60 19.30 1.05 81.00 65.42 1.2381
16102A 3 3/4 0.060 4.0 15.60 79.30 1.05 86.40 70.38 1.2276
7085S 3 5/8 0.184 3.2 85.00 85.00 1.00 86.40 76.10 1.1353
7091S 3 5/8 0.182 3.3 86.25 86.25 1.00 84.80 76.71 1.1055
10925 3 5/8 0.183 4.2 86.25 86.25 1.00 84.75 73.21 1.1576
70935 3 5/8 0.185 4.2 86.25 86.25 1.00 83.60 73.21 1.1419
---------------------------------- . - -----------------
Mean Pm ~ 1.0966




Bearing Strength of Bolted Connections (9)
Thickness Bearing
of Type of Joint F /F Strength
Steel Sheet u y Formula
t > 3/16 in. Single or double shear > 1.15 crb 3.5 F- connection with washers ,'u
Inside sheet of double > 1.15 crb = 3.5 F
shear connection wIth u
washers < 1.15 crb = 3.0 Fu
0.024 in.< t < 3/16 in. Single shear and out- > 1.15 crb 3.0 F- =
side sheets of double u
shear connection with
< 1.15 crb = 3.0 Fwashers u
Inside sheet of double
shear connectlon,w~trmh > 1.15 crb = 3.0 F
out washers u
0.036 in. < t < 3/16 in. Single shear and out-
side sheets of double




Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Bearing Strength Study.
t ~ 3/16 in., with Washers
--------------------------------------------------------------------
d t F F F (P)t (P)p (Pu) t Ref.Specimen e e/d y u u(in. ) (in. ) (in. ) (ksi) (ksi) F (kips) (kips) (Pu?p No.y
------------------------------------------------------------------055-1 111 0.259 3.50 3.50 4,5.07 67.54 l.Se 51.400 61.138 C.9389 13
055-2 1/1 0.260 3.50 3.50 45.07 67.54 1.50 57.801 61.314 C.9418 13
5514 111 0 .. 261 3.50 3.50 45.01 67.54 1.50 56.600 61.610 0.9187 13
5514-1 111 0.259 3.50 3.50 45.01 61.54 1.50 46.351 61.138 0.7581 13
5515 111 0.255 5.00 5.00 45.07 61.54 l.5e 55.501 60.193 0.9220 13




Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Bearing Strength Study,
0.024 in. s: t < 3/16 in., Double Shear with Washers, F· IF ~ 1.15
u y
-----------------------------------------------------------------------
d t F F F (P)t (Pu)p (P)tSpecimen e eld y u u Ref.(in. ) (in. ) (in. ) (ksi) (ksi) F (kips) (kips) (P)p No.Y
---------------------------------------------------------_._-------------20A410 5 1/4 0.036 1.13 4.50 32.11 41.85 1.30 1.851 1.316 1.4106 11
16C40305 1/2 0.059 2.00 4.00 31.95 43.95 1.38 6.620 4.539 1.4585 11
16C50305 1/2 0.059 2.50 5.00 31.95 43.95 1.38 7.200 4.539 1.5863 11
14E350 5 3/4 0.. 018 2.63 3.50 54.44 10.40 1.241 14.223 14.449 0.9844 12
10E360S 1/1 0.143 3.50 3.50 59.50 11.85 1.21 28.501 35.910 0.7939 12
10E4605 1/1 0.143 4.50 4.50 59.50 11.85 1.21 28.814 35.910 0.8024 12
16FAX-l15 1/2 0.062 1.75 3.50 30.10 45.90 1.52 5.016 4.913 1.0086 15
16FAX-lll 1/2 0.062 1.75 3.50 30.10 45.90 1.52 4.216 4.913 0.8418 15
12FAX-L20 1/2 0.106 1.15 3.50 28.10 44.10 1.51 8.438 8.169 1.0329 15
12FAX-l21 1/2 0.106 1.75 3.50 28.10 44.10 1.57 9.455 8.169 1.1575 15
051-1 1/8 0.116 3.06 3.50 35.49 49.44 1.39 16.400 11.538 0.9351 13
051-2 1/8 0.116 3.06 3.50 35.49 49.41, 1.39 15.100 11.538 0.8610 13
052-1 1/1 0.115 3.50 3.50 35.1,9 49.44 1;'39 16.000 19.811 0.8052 13
052-2 1/1 0.116 3.50 3.50 35.49 49.44 1.3<3 16.600 20.044 0.8282 13
053-1 7/8 0.181 3.06 3.50 38.10 62.08 1.63 33.249 34.363 0.9616 13
053-2 1/8 0.180 3.06 3.50 38.10 62.08 1.63 30.892 34.113 C.9040 13
054-1 1/1 0.182 3.50 3.50 38.10 62.08 1.63 41.100 39.488 1.0560 13
D54-2 1/1 0.181 3.50 3.50 38.10 62.08 1.63 40.501 39.271 1.0313 13
-----------------------------------------_._._------------------Mean Pm = 1.0262





Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Bearing Strength Study,
0.024 in. s; t < 3/16 in., Double Shear, with Washers, F IF < 1.15
u y
d t F F F (Pu) t (Pu~ (Pu)t Ref.Specimen e eld y u u(in. ) (in. ) (in.) (ksi) (ksi) F (kips) (kips) (Pu)p No.y
-------------------------------------------------------------------------------------201-L8 1/5 0.038 0.66 3.30 15.70 81.70 1.08 1.566 1.861 0.8413 15
1205X-L1 3/4 0.106 2.63 3.51 81.60 81.60 1.00 20.034 1«;.4"2 1.0304 15
1205X-L8 3/4 0.106 2.63 3.51 81.60 81.60 1.CO 18.162 19.442 0.9650 15
1205X-l9 7/8 0.106 3.06 3.50 81.60 81.60 1.Ce 22.445 22.6e2 C.9896 15
1Y-l32 5/8 0.183 2.19 3.50 81.60 81.60 1.Ce 28.251 21.911 1.0100 15





Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Bearing Strength Study,
0.024 in. s: t < 3/16 in., Single Shear, with Washers, F IF ~ 1.15
. u y
----------------------------------------------------------------------
d t F F F (P)t (Pu)p (P)tSpecimen e eld y u u Ref.(in. ) (in. ) (in.) (ksi) (ksi) F (kips) (kips) (P)p No.Y
-----------------------------------------------------------------------20A41 5 5 1/4 0.036 1.13 4.50 32.11 41.83 1.30 1.875 1.128 1.6615 11
14A4355 1/2 0.080 2.25 4.50 32.11 41.83 1.30 7.100 5.015 1.4159 11
10E3655 1/1 0.143 3.50 3.50 59.41 76.84 1.29 24.632 32.931 C.7480 12
16FAX-L16 1/2 0.062 1.75 3.50 30.10 45.90 1.52 4.718 4.264 1.1064 15552 7/8 0.116 3.06 3.50 35.49 49.44 1.39 16.095 15.039 1.0102 13
552-1 7/8 0.116 3.06 3.50 35.49 49.44 1.3<; 12.375 15.039 0.8228 13
5S3 7/8 0.116 4.40 5.03 35.49 49.44 1.39 15.153 15.039 1.0075 13
SS5 1/1 0.116 3.50 3.50 35.49 49.44 1.39 15.525 11.188 0.9033 13
SS5-1 1/1 0.116 3.50 3.50 35.49 49.44 1.39 13.643 11.188 0.7«;37 13
SS6 1/1 0.116 3.50 3.50 35.49 49.44 1.39 15.341 17.188 0.8925 13
SS8 7/8 0.181 3.06 3.50 38.10 62.08 1.63 33.001 29.466 1.1199 13
SS8-1 7/8 0.181 3.06 3.50 38.10 62.08 1.63 24.800 29.466 0.8416 13
SS9 7/8 0.185 4.38 5.00 38.10 62.08 1.63 32.751 30.111 1.0874 13
SSll 1/1 0.184 3.50 3.50 38.10 62.08 1.63 36.800 34.234 1.0150 13
SSll-l 1/1 0.184 3.50 3.50 38.10 62.08 1.63 30.299 34.234 0.8851 13
SS12 1/1 0.184 5.00 5.00 38.10 62.08 1.63 35.300 34.234 1.0312 13
1/2 0.051 2.03 4.06 40.60 50.10 1.23 4.049 3.829 1.0576 14
1/2 0.051 2.03 4.06 40.60 50.10 1.23 4.230 3.829 1.1049 14
1/2 0.061 1.94 3.88 50.50 14.10 1.47 6.152 6.113 0.9082 14
B-1-8-1-T 3/8 0.025 1.31 3.50 45.00 52.00 1.16 1.310 1.461 0.9311 9
B-1-3-3-T 3/8 0.025 1.31 3.50 45.00 52.00 1.16 1.220 1.461 0.8350 9
B-1-9-1-T 3/8 0.024 1.66 4.42 45.00 52.00 1.16 1.440 1.403 1.0261 9
B-1-9-2-T 3/8 0.024 1.69 4.50 45.00 52.00 1.16 1.238 1.403 0.8827 9









Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Bearing Strength Study,
0.036 in. s; t < 3/16 in., Double Shear, without Washers, F IF < 1.15
. u y
-------------------------------------------------------------
d t F F F (P)t (Pu) P (P)tSpecimen e eld y u u Ref.(in. ) (in. ) (in.) (ksi) (ksi) F (kips) (kips) (Pu)p No.y
---------------------------------------------------------------------------------12Y-L1 1/2 0.106 1.15 3.50 12.40 72.80 1.01 12.667 11.564 1.0954 15
12Y-L8 3/8 0.106 1.50 4.00 12.40 12.80 1.el 9.139 8.673 1.1229 15
12Y-L9 1/2 0.106 1.75 3.50 12.40 12.80 1.Cl 14.151 11.564 1.2238 15
12Y-Lll 3/8 0.106 1.49 3.91 72.40 12.80 1.01 8.586 8.613 0.9900 15
12Y-L12 1/2 0.106 1.15 3.50 12.40 72.80 1.Gl 11.183 11.564 0.9611 15
12Y-L15 3/8 0.106 1.50 4.00 12.40 12.80 1.Cl 1.711 8.613 0.8892 15
12Y-l16 1/2 0.106 1.75 3.50 12.40 12.80 1.e1 11.183 11.564 0.9611 15
12Y-L 18 3/4 0.106 2.65 3.53 72.40 72.80 1.01 12.163 11.345 0.1013 15
7Y-l6 3/4 0.183 3.15 5.00 83.10 83.80 1.01 42.136 34.410 1.2224 15
20I-T12 1/5 0.038 0.66 3.30 99.40 99.80 I.CO 1.976 2.213 0.8693 15
1/2 0.031 2.00 4.00 53.52 58.90 1.10 3.100 3.266 1.1330 14
1/2 0.031 2.00 4.00 53.50 58.90 1.1C 3.659 3.266 1.1205 14
1/3 0.031 2.06 6.18 53.50 58.90 1.10 2.262 2.111 1.0390 14
1/3 0.031 2.04 6.12 53.50 58.90 1.10 2.348 2.111 1.0186 14
1/2 0.031 2.50 5.00 53.50 58.90 1.10 3.841 3.266 1.1160 14
1/2 0.031 2.00 4.00 53.50 58.90 1.10 3.910 3.266 1.2151 14
-----------------------------
.
-----------------------------Mean Pm = 1.0501





Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Bearing Strength Study
0.036 in. < t < 3/16 in., Single Shear, Without Washers, F IF > 1.15
- - u y-
d t F F F (P ) (P ) (Pu) t Ref.Specimen e e u- y u - u t u p
(in. ) (in. ) (in. ) d (ksi) (ksi) Fy (kips) (kips) (P ) No.u P
c-H/17-1 1/2 0.051 2.06 4.12 40.6 50.1 1. 23 2.889 2.811 1.028 14
C-M/17-2 1/2 0.051 2.01 4.02 40.6 50.1 1.23 2.984 2.811 1.062 14
c-M/17-3 1/2 0.051 2.01 4.02 40.6 50.1 1.23 2.940 2.811 1.046 14
c-M/17-4 5/16 0.051 2.05 6.56 40.6 50.1 1.23 1. 747 1.757 0.994 14
c-M/17-5 5/16 0.051 2.07 6.62 40.6 50.1 1.23 1.796 1. 757 1.022 14
c-M/17-6 1/2 0.051 1.97 3.94 40.6 50.1 1.23 2.785 2.811 0.991 14
c-M/16-7 1/2 0.061 1. 97 3.94 50.5 74.1 1.47 4.490 4.972 0.903 14
c-M/14-8 3/4 0.079 3.00 4.00 52.8 65.9 1.25 8.597 8.590 0.999 14
c-M/14-9 3/4 0.079 3.01 4.00 52.8 65.9 1.25 8.153 8.590 0.949 14
c-M/14-10 3/4 0.079 3.00 4.00 52.8 65.9 1.25 9.172 8.590 1.068 14
C-M/12-11 3/4 0.104 3.03 4.04 59.3 70.6 1.19 12.503 12.115 1.032 14
c-M/17-12 1/2 0.051 1.50 3.00 40.6 50.1 1.23 2.861 2.811 1.018 14
c-M/17-13 1/2 0.051 1.44 2.88 40.6 50.1 1.23 2.899 2.811 1.031 14
Mean Value, P 1.011




Comparison of the Tested and Predicted Failure Loads of Bolted Connections for Bearing Strength Study,
0.036 in. ~ t < 3/16 in., Double Shear, without Washers, F /F ~ 1.15
u y
-------------------------------------------------------------------------------------
d t e F F F (P)t (P)p (P)tSpecimen e/d y u u Ref.(in. ) (in. ) (in. ) (ksi) (ksi) F (kips) (kips) (Pu)p No.y
----------------------------~-------------------------------------------------------
B-0-5-1-T 1/2 0.046 1. 72 3.44 43.83 55.73 1.27 2.533 2.820 0.900 9
B-0-5-2-T 1/2 0.046 1.72 3.44 43.83 55.73 1.27 2.645 2.820 0.938 9
B-Q-5-3-T 1/2 0.046 1. 75 3.50 43.83 55.73 1.27 2.628 2.820 0.932 9
B-0-5-4-T 1/2 0.047 1. 75 3.50 43.83 55.73 1.27 2.868 2.881 0.995 9
B-0-5-5-T 1/2 0.047 1. 75 3.50 43.83 55.73 1.27 2~830 2.881 0.992 9
B-Q-6-1-T 1/2 0.046 2.25 4.50 43.83 55.73 1. 27 2.675 2.820 0.949 9
B-()-6-2-T 1/2 0.046 2.25 4.50 43.83 55.73 1.27 2.405 2.820 0.853 9
B-0-6-3-T 1/2 0.046 2.25 4.50 43.83 55.73 1.27 2.470 2.820 0.876 9
Mean Value, P 0.982




Values of Safety Index for Bolted Connections
(Failure Types I, II and III)
Case P Vp
Range of f3 Value of f3 No. of
m D/L = .1 to 3 D/L =1/3 Tests
I. Minimum Spacing and Edge Distance in Line of Stress
(1) Single shear, with washers, F /F ~ 1. 15 1.13 0.12 4.11-5.22 4.43 49
(2) Doub 1e shear, with washers, FU/FY~ 1.15 1.18 0.14 4.09-5.06 4.38 39
(3) Single shear, with washers, FU/FY< 1.15 1.09 0.21 3.11-3.57 3.26 10
(4) Double shear, with washers, FU/FY< 1.15 1.04 0.08 4.08-5.53 4.47 10
(5) Single shear, without washer.s~ FY/F ~ 1.15 1.06 O.ll 3.91-5.05 4.24 8
(6) Single shear, without washers, FU/FY< 1.15 1. 26 0.18 3.93-4.64 4.15 8
u Y
II. Tension Stress on Net Section
(7) t ~ 3/16 in., with washers 0.98 0.10 3.63-4.77 3.95 9
(8) t < 3/16 in., double shear, with washers 1.14 0.20 3.36-3.89 3.53 51
(9) t < 3/16 in., single shear, with washers 0.95 0.21 3.00-3.43 3.14 58
(10) t < 3/16 in., multi-bolted, with washers 1.10 0.12 4.46-5.67 4.81 21
(11) t < 3/16 in., single shear, without washers 1.04 0.14 3.00-4.94 4.28 37
III. Bearing Stress on Bolted Connections
(12) t~3/l6 in., with washers, F /F ~1.15 0.90 0.08 4.12-5.59 4.52 5
(13) t<3/l6 in., double shear,w~thYwashers, F /F ~ 1.15 1.03 0.22 3.37-3.83 3.52 18
(14) t<3/l6 in., double shear, with washers, FU/FY<1.1S 0.97 0.07 4.33-5.97 4.77 5
(15) t<3/16 in., single shear, with washers, FU/FY~1.15 1.02 0.20 3.34-3.86 3.50 19
(16) t< 3/16 in., single shear, with washers, FU/FY< 1.15 1.05 0.13 4.14-5.19 4.45 16
(17a) t<3/16 in., single shear, without washers~ pY/F > 1.15 1.01 0.04 4.63-6.66 5.29 13





Values of Safety Index for Bolted Connections
(Failure Type IV)
-
Tf/af Gf/Fu Range of S Value of S No.Case of
mean y mean '-v
D/L=O.IO to 3.0 D/L=1/3 Tests *
IV. Shear Stress on Bolt
18) Double shear, 3/8" A307 bolts, Fy = 10 ksi 0.68 0.11 1.28 0.08 6.12-7.97 6.64 11
19) Double shear, 3/4" A307 bolts, Fy = 10 ksi 0.60 0.10 1.13 0.08 5.37-7.12 5.86 8
20) Single shear, 3{8" A307 bolts, Fy = 10 ksi 0.75 0.10 1.28 0.08 6.73-8.93 7.34 19
21) Single shear, 1/2" A307 bolts, Fy = 10 ksi 0.63 0.06 1.18 0.08 6.08-8.63 6.74 11
22) Single shear, 3{4" A307 bolts, Fy = 10 ksi 0.76 0.06 1.13 0.08 7.04-10.0 7.81 14
23a) A325 bolts, 1/4" diaJTI., Fy == 30 ksi 0.64 0.11 1.21 0.08 5.29-6.88 5.74 30
23b) A325 bolts, 1/4" diam., Fy = 21 kai 0.64 0.11 1.21 0.08 4.96-6.46 5.39. 30
24a) A325 bolts, 3{8" diaJTl., Fy == 30 ke! 0.78 0.07 1.03 0.08 5.94-8.30 6.56 8
24b) A325 bolts, 3/8" dialll., Fy == 21 ksi 0.78 0.07 1.03 0.08 6.01-8.39 6.64 8
25a) A325 bolts, 1/2" diam., Fy == 30 ksi 0.69 0.09 1.16 0.08 5.69-7.68 6.24 12
25b) A325 bolts, 1/2" diam., Fy == 21 ksi 0.69 0.09 1.16 0.08 5.86-7.90 6.42 12
-




Comparison of the Tested and Predicted Failure Loads of Puddle Welds - Single and Double Sheets
Type of t d a a (P ) (P ) * (p )Specimen a y u u t u P u tFailure (in. ) (in. ) (ksi) (ksi) (kips) (kips) (P )
u P
A AlB 18/7 01 PC+Pl+PT 0.051 0.78 47.00 64.40 13.48 10.23 1.32
A AI B 18/7 02 PC+Pl +PT 0.052 0.83 47.00 64.40 12.40 11.13 1.11
A AlB 18/7 03 PC+Pl+PT 0.051 0.80 47.00 64.40 13.10 10.51 1.25
A AlB 18/7 04 PC+Pl+PT 0.052 0.85 47.00 64.40 14.40 11.42 1.26
A AlB 28/7 C1 PS+PB 0.018 0.65 97.60 97.60 2.76 2.85 0.97
A AlB 28/7 C2 P$+PB 0.018 0.63 97.60 97.60 1.94 2.76 0.70
A AlB 28/7 C3 PS+PB 0.018 0.58 97.60 97.60 2.60 2.53 1.03
A AI B 28/7 C4 PS+PB 0.018 0.58 97.60 97.60 2.54 2.53 1.00
A AlB 28/7 C5 PS+PB 0.018 0.53 97.60 97.60 2.72 2.31 1.18
B AlB 18/7 01 PC+PT+PL 0.099 1.38 47.00 64.40 28.60 32.66 0.88
B AlB 18/7 02 PC+PT+Pl 0.099 1.35 47.00 64.40 37.30 31.83 1.17
B AlB 18/7 03 PC+PT+Pl 0.099 1.35 47.00 64.40 32.40 31.83 1.02
B AlB 18/7 04 PC+PT+W 0.101 1.40 47.00 64.40 26.30 33.78 0.78
Mean P = 1.05m 0.11Coefficient of Variation V =
P
* (p) = 2(2.2)t d a when d/t $ 240/1,;
u p n a u y





Comparisons of the Tested and Predicted Failure Loads of Longitudinal Fillet Welds - Flat Sheets
.Specimen Type of t W 4L1 a (p ) (P )*1 (P )** (Pu) t (P)tFailure (in. ) (in. ) u u t u P u p2(in. ) (ksi) (kips) (kips) (kips) (P)pl (p ) 2u P
C A/B 18/7 Cl PC+PL+WS 0.052 3.00 3.15 64.40 10.32 15.61 10.58 0.66 0.98
C A/B 18/7 C2 PC+PL+WS 0.052 3.00 3.55 64.40 11.20 15.61 11.01 0.12 1.02
C AlB 18/1 C3 PC+Pl +WS 0.051 3.00 3.45 64.40 10.80 15.30 10.65 0.11 1.01
C A/B 18/1 C4 PC+PL+WS 0.052 3.00 3.15 64.40 11.20 15.61 11.21 0.12 1.00
C A/B 18/1 F 1 WS+PC+PL 0.052 2.98 5.60 64.40 13.20 15.51 12.82 0.85 1.03
C AlB 18/7 F2 WS+PC+PL 0.051 2.98 5.10 64.40 13.30 15.20 12.59 0.88 1.06
C A/B 18/1 F3 WS+PC+PL 0.051 3.00 5.50 64.40 14.20 15.30 12.44 0.93 1.14
C A/A 18/1 F4 WS+PC+PL 0.050 3.00 5.75 64.40 13.10 14.99 12.32 0.87 1.06
C AlA 18/18 Fl PC+PL 0.051 3.00 6.25 64.40 12.1'. 15.30 12.98 0.79 0.94
C A/ A 18/18 r 2 PC+PL 0.050 2.98 6.35 64.40 12.16 14.89 12.73 0.82 0.96
C A/ A 18/18 F3 PC+PL 0.051 2.98 6.00 64.40 12.86 15.20 12.80 0.85 1.00
C A/A 18/18 F4 PC+PL 0.051 2.98 6.15 64.40 12.18 15.20 12.91 0.84 0.99
C A/8 18/1 J 1 PT 0.051 2.99 9.85 64.40 11.10 15.25 15.10 1.12 1.13
C A/8 18/1 J2 PT 0.051 2.98 10.03 64.40 15.90 15.20 1.05
C A/A 18/18 Jl PT 0.050 3.00 10.05 64.40 15.80 14.99 1.05
C ".IA 18/18 J2 PT 0.049 2.91 10.55 64.40 14.30 14.51t 0.98
C AlA 18/18 J3 PT 0.051 3.00 10.63 64.40 15.84 15.30 1.04
C A/A 18/18 J4 PT 0.051 2.99 10.63 64.40 15.10 15.25 1.03 1~01C A/ P, 12/1 C1 WS+PL 0.109 3.00 1t.30 50.50 23.00 26.06 22.18 0.88
C A/B 12/7 C2 WS+PL 0.109 2.98 4.35 50.50 23.20 25.88 22.81 0.90 1.01
C A/B 12/1 C3 WS+Pl 0.109 2.99 4.65 50.50 24.60 25.97 23.39 0.95 1.05
C A/B 12/7 C3 WS+Pl 0.109 2.98 4.80 50.50 25.00 25.88 23.64 0.97 1.06
C A/B 12/7 Fl PC+PL 0.109 3.00 6.10 50.50 21.30 26.06 25.60 1.05 1.07
C A/B 12/7 F2 PC+Pl 0.109 3.00 6.10 50.50 28.40 26.06 25.60 1.09 1.11
C AlB 12/7 F3 PC+Pl 0.109 2.98 6.20 50.50 28.20 25.88 25.74 1.09 1.10
C A/ p, 12/7 F4 PC+Pl 0.109 2.98 6.50 50.50 28.30 25.88 26.15 1.09 1.08
C A/A 12/12 Fl WS+Pl 0.109 2.98 5.65 50.50 24.50 25.88 24.96 0.95 0.98
C A/A 12/12 F2 WS+Pl 0.109 3.00 5.90 50.50 24.90 26.06 25.32 0.96 0.98
C A/A 12/12 F3 WS+PC+Pl 0.108 2.98 6.00 50.50 26.00 25.64 25.18 1.01 1.03
C AlA 12/12 F4 WS+PC+Pl 0.109 2.98 5.95 50.50 25.90 25.88 25.39 1.00 1.02
C A/A 12/12 F5 WS+PC+Pl 0.109 2.98 5.90 50.50 26.70 25.88 25.32 1.03 1.05
C A/B 12/7 J 1 PT 0.109 3.00 10.80 50.50 31.10 26.06 1.19




Type of t V1 4L1 a (Pu)t (P ) 1 (P ) 2 (P)t (p )Specimen Failure (in. ) (in. ) u u p u p u t(in. ) (ksi) (kips) (kips) (kips) (P ) 1 (P ) 2u p u p
C AlB 1811 C2 Pl+PC+PT 0.052 3.00 4.09 62.30 10.66 15.10 11.10 0.11 0.95
C AlB 1811 C3 Pl+ PC+PT 0.052 3.00 4.00 62.30 10.16 15.10 11.08 ' 0.61 0.92
C AlB 18/7 C4 Pl+PC+WS 0.052 3.00 4.35 62.30 11.18 15.10 11.40 0.14 0.98
C AlB 1811 C5 PL+PC 0.052 3.00 4.51 62.30 12.30 15.10 11.59 0.81 1.06
C A/B 18/1 Jl PT 0.052 2.99 11.23 62.30 15.40 15.05 1.02
C A/B 18/1 J2 PT 0.052 3.00 11.65 62.30 16.24 15.10 1.08
C AlB 18/1 J3 PT 0.052 2.99 11.66 62.30 16.30 15.05 1.08
C A/B 18/1 J4 PT 0.052 2.99 11.08 62.30 16.60 15.05 1.10
C AlB 1811 J5 PT 0.052 2.99 10.89 62.30 15.10 15.05
i2.S5
1.00
C A/ A. 18/18 F1 PL+PT+PC+WP 0.050 3.00 7.21 62.30 12.16 14.50 0.88 0.99
C AlA 18/18 F2 PL+PT++ 0.050 3.00 1.41 62.30 13.35 14.50 12.97 0.92 1.03
C A/A 18/18 F3 PL+PT++ 0.050 3.00 7.21 62.30 13.36 14.50 12.85 0.92 1.04
C A/ A 18/18 F4 PL+PT++ 0.050 3.00 7.74 62.30 13.96 14.50 13.16 0.96 1.06
C AI A 18/ 18 J 1 PT+WP+PL 0.050 3.00 10.23 62.30 15.24 14.50 - . 1.05
C AlA 18/18 J2 Pl+PT+ 0.050 3.00 9.15 62.30 15.14 14.50 14.21 1.04 i.01
C A/A 18/18 J3 PL+PT 0.050 3.00 9.86 62.30 15.70 IIt.50 14.2§ 1.08 1.10
C AlA 18/18 J4 PL+PT 0.050 3.00 10.30 62.30 15.50 14.50 '~ . . 1.01
C A/A 18/18 J5 PL+PT 0.050 3.00 10.15 62.30 14.93 14.. 50
23.47
. 1.03
C AlB 12/7 Cl Pl+PC+WS 0.108 2.99 4.95 50.20 22.80 25.58 0.89 0.97
C A/B 12/1 C2 Pl+PC+WS 0.108 2.99 5.27 50.20 25.10 25.58 23.91 0.98 1.05
C A/B 12/1 C3 Pl+PC+WS 0.108 3.00 4.91 50.20 23.00 25.66 23.50 0.90 0.98
C AlB 12/7 C4 PL+PC+PT+WS 0.108 2.99 4.63 50.20 23.60 25.58 22.95 0.92 1.03
C A/8 12/1 C5 PL+PC+PT+WS 0.108 3.00 4.65 50.20 22.70 25.66 22.99 0.88 0.99
C AlB 12/1 Pi PT 0.108 3.00 14.58 50.20 31.10 25.66 - 1.21
C AlB 12/1 P2 PT 0.108 2.99 14.58 50.20 31.50 25.58 .. 1.23
C A/B 12/7 P3 PT 0.108 3.00 14.44 50.20 32.00 25.66 26.20
1.25
0.92C A/A 12/12 Fl Pl+PT+WP+WS 0.110 3.00 6.44 50.20 24.20 26.14 0.93
C A/A 12/12 F2 Pl +PT +WP +W S 0.110 3.00 6.41 50.20 24.30 26.14 26.16 0.93 0.93
C A/A 12/12 F3 Pl+PT+WP+WS 0.110 3.00 6.18 50.20 23.80 26.14 25.84 0.91 0.92
C AI A 121 12 F4 Pl+PT+WP+WS 0.110 3.00 6.49 50.20 24.40 26.1" 26.21 0.93 0.93
Mean 0.96 1.0~0.14 0.0
Coefficient of Variation
*
(p ) 1 = 2(O.8)t Wa
u p n u
** ('P) = 4(1.6h1.2L1/3 a This equation does not apply to the length exceeding 2.5 in. l-'0
u p2 n 1 u When 4L1 > 10.00 in.) the values of (Pu)p2 are not given. 0
Table 8b
Comparison of the Tested and Predicted Failure Loads of Longitudinal Fillet Welds - Channels
Specimen Type of t W 4L1 a (Pu\ (P )* (Pu)tFailure (in. ) (in. ) u u p(in. ) (ksi) (kips) (kips) (p )
u p
o AlB 18/1 Fl PC+P T+PL 0.051 3.05 6.35 64.40 21.00 19.45 1.08
o A/8 18/1 F2 PC+PT+PL 0.051 3.08 6.90 64.40 23.40 19.64 1.19
o A/8 1811 F3 PC+PT+PL 0.051 3.05 6.65 64.40 21.90 - 19.45 1.13
o A/B 18/7 II PT 0.052 3.10 11.90 64.40 29.40 20.16 1.46
o A/B 18/7 l2 PT 0.051 3.13 12.03 64.40 27.40 19.96 1.31
o A/B 1811 l3 PT 0.051 3.10 12.00 64.40 28.60 19.16 1.45
D AlB 1211 Fl PC+PT+Pl 0.109 3.13 5.80 50.50 39.30 33.98 1.16
o A/B 12/1 F2 PT 0.109 3.13 5.60 50.50 39.10 33.98 1.15
o A/R 1211 F3 PC+P T+Pl 0.109 3.12 5.95 50.50 39.60 33.88 1.17
o AI B 1211 II PT 0.110 3.14 11.85 50.50 45.90 34.41 1.33
o AlB 12/1 l2 PT 0.110 3.10 11.98 50.50 44.90 -33.91 1.32
o AlB 12/7 L3 PT 0.110 3.15 12.00 50.50 45.00 34.52 1.30
o AlB 18/1 Cl PL+PC+PT 0.051 4.50 4.84 62.30 22.30 27.75 0.80
o A/B 18/1 C2 Pl+PC+PT+WS 0.051 4.50 4.04 62.30 20.20 27.75 0.13
o AlB 18/1 E3 Pl+PC+PT+WS 0. 051 4.50 4.44 6i· 3O 21.30 21.15 -- O. TJ..o l/8 18/7 4 Pl+PC+PT 0.05 't.SO 't.32 6 .30 21.50 27.71 0.11o A/8 11/7 II PL.PT 0.051 4.50 11.60 62·8 27.40 17• 1 0.99o A/8 1/7 l2 PT.,T 0. 051 4.50 12.01 62. 26.90 7.1 0.91o AlB 1111 l3 PT+PT 0.05 It. 50 12.25 62.3 26.60 1.15 0.96
o lIB 1211 II PT 0.110 It. SO 12.56 50.20 41.30 49·°1 0.'6o Al8 12/7 l PT 0.110 4.50 12.40 50.20 46.70 49.0 0.95
o A/B 12/7 l3 PT 0.110 4.50 12.17 50.20 41.20 49.02 0.96
Mean- _.. P = 1.09
Coeffic1ent of Variation ~ = 0.20P
* (P) = 2t Wa





Comparison of the Tested and Predicted Failure Loads of Transverse Fillet Welds - Flat Sheets
Specimen Type of t W 2Ll (J (pu) t (P )* (Pu)tFailure (in. ) (in. ) u u p(in. ) (ksi) (kips) (kips) (Pu)p
H A/B 18/7 C1 PC 0.051 4.00 1.10 64.40 1.12 ' 5.42 1.31
H A/B 18/7 C2 PC 0.050 3.98 1.75 64.40 7.18 5.47 1.31H A./B 18/7 C3 PC 0.051 3.98 1.10 64.40 6.34 5.42 1.17
H A/B 18/7 fl PC 0.050 4.00 2.95 64.40 10.74 9.21 1.17H A/B 18/7 F2 PC 0.051 3.98 2.80 64.40 10.28 8.93 1.15H AlB 18/7 F3 PC 0.051 3.99 2.90 64.40 10.10 9.24 1.09H" AI B 18/7 II PC 0.051 3.98 5.98 64.40 19.50 19.06 1.02
H A/B 18/7 L2 PC 0.051 3.98 6.08 61t.40 19.60 19.38 1.01H A/B 18/7 L3 PC 0.051 3.98 6.00 64.40 18.10 19.13 0.95
H AlB 18/1 PI PC 0.050 3.98 1.96 64.40 23.00 24.86 0.93
H A/B 18/7 P2 PC 0.051 4.00 8.00 64.40 25.60 25.50 1.00
H A/8 18/1 P3 PC+PT 0.051 4.00 8.00 64.40 26.30 25.50 1.03
H A/B 12/7 C1 PC 0.108 3.98 2.00 50.50 12.60 10.76 1.11
H A/B 12/1 C2 PC 0.109 3.99 1.90 50.50· 10.92 10.31 1.06
H AlB 12/1 C3 PC 0.108 4.00 1.95 50.50 11.94 10.49 1.14
H A/8 12/1 F1 PC 0.109 3.98 3.10 50.50 18.80 16.83 1.12
H A/B 12/7 F2 .PC 0.108 . 3.99 3.05 50.50 18.80 16.40 1.15
H AlB 12/1 F3 PC 0.108 3.98 3.20 50.50 18.00 17.21 1.05
H A/B 12/7 L1 PC 0.109 3.98 6.13 50.50 31.30 33.28 0.94
H A/B 12/1 L2 PC 0.109 3.98 6.23 50.50 32.10 33.82 0.95
H A/B 12/7 L3 PC 0.109 3.98 6.25 50.50 32.30 33.93 0.95
H A/B 12/1 PI PC+PT 0.109 3.98 7.95 50.50 44.70 43.16 1.04
H AlB 12/1 21 PC+PT 0.109 3.99 1.98 50.50 44.00 43.32 1.02
H A/B 12/7 23 PC+PT 0.108 3.98 7.95 50.50 45.20 42.76 1.06
H A/B 18/7 C1 PC 0.051 4.00 2.30 62.30 1.56 7.09 1.01
H A/B 18/1 C2 PC 0.051 4.00 2.14 62.30 8.11 6.60 1.24
H A/B 18/1 C3 PC 0.051 4.00 2.30 62.30 8.45 7.09 1.19
H A/B 18/7 C4 PC 0.051 4.01 2.30 62.30 8.61 7.09 1.22
H AlB 18/7 PI PC 0.051 4.00 7.11 62.30 23.80 23.78 1.00
H A/B 18/7 P2 PC 0.051 4.01 7.86 62.30 24.80 24.24 1.02
H AlB 18/7 P3 PC 0.051 4.00 7.88 62.30 24.20 24.30 1.00
H A/B 18/7 P4 PC+PL+PT 0.051 4.00 1.91 62.30 23.40 24.39 0.96
H AlA 18/18 PI PL+PC 0.051 4.00 7.62 62.30 20.80 23.50 0.89





Specimen Type of t W 2Ll a (Pu) t (p )* (p )Failure (in. ) (in.) u u p u t(in. ) (ksi) (kips) (kips) (P )
u 0
H A/ A 18/18 P3 Pl+PC 0.051 4.00 7.50 62.30 20.60 23.13 0.89
H A/A 18/18 C1 PC 0.051 4.00 2.20 62.30 8.10 6.78 1.19
H A/A 18/18 C2 PC 0.051 3.99 2.29 62.30 8.22 7.06 1.16
H A/A 18/18 C3 PC 0.051 4.01 2.18 62.30 5.80 6.12 0.86
H AlA 18/18 C4 PC+WS 0.051 3.99 2.33 62.30 6.12 1.19 0.94
H AI A 18/18 C5 PC+WS 0.051 4.00 2.13 62.30 1.22 6.51 1.10H A/B 12/1 PI PC 0.110 3.98 1.18 50.20 39.00 42.38 0.92
H AlB 12/7 P2 PC+PT 0.110 3.96 7.85 50.20 43.00 42.76 1.01H A/B 12/7 P3 PC+PT 0.110 3.99 1.89 50.20 42.10 42.97 0.98
H A/B 12/1 P4 PC+PT 0.110 3.99 1.18 50.20 42.30 42.38 1.00H A/B 12/7 C1 PC 0.110 4.00 2.15 50.20 12.98 11.11 1.11
H AI B 1211 C2 PC 0.110 4.00 2.12 50.20 13.42 11.55 1.16
H AlB 1211 C3 PC 0.110 3.99 2.20 50.20 14.20 11.98 1.19H AlA 12/12 Pi . PC+WS+Pl 0.108 3.95 1.16 50.20 34.80 41.49 0.84
H AlA 12/12 P2 PC+WS+Pl 0.108 3.91 1.14 50.20 36.80 41.38 0.89
H A/A 12/12 P3 PC+WS+Pl 0.108 3.97 1.83 50.20 36.40 41.86 0.87
H AlA 12/12 Cl PC+WS 0.108 3.98 2.40 50.20 14.14 12.83 1.15
H AlA 12/12 C2 PC+WS 0.108 4.00 2.32 50.20 12.86 12.40 1.04
H A/A 12/12 C3 PC+WS 0.108 3.99 2.34 50.20 13.12 12.51 1.10
H AI A 12/12 C4 PC+WS 0.108 3.91 2.19 50.20 13.88 11.11 1.19
H A/A 12/12 C5 PC 0.108 3.98 2.36 50.20 14.30 12.62 1.13
Mean Pm = 1.05
Coefficient of Variation Vp = 0.11
* (p) = 2t L a





Comparison of the Tested and Predicted Failure Loads of Transverse Fillet Welds - Channels
S " Type of t W 2L1 a (P ) (P)* (P)pec2rnen F "1 (") (") u u t u puta1 ure 1n. 1n. (in.) (ksi) (kips) (kips) (P)
u P
E AlB 18/7 Fl PC 0.051 4.00 2.95 64.40 1.04 1.52 0.94
E AlB 18/1 F2 PC 0.050 3.99 3.05 64.~0 9.58 7.62 1.26
E A/B 18/7 F3 PC 0.051 4.00 3.10 64.40 1.82 7.91 0.99
f A/B 18/7 Cl PC 0.051 3.99 1.80 64.40 2.66 4.59 0.58
E A/B 18/1 C2 PC 0.050 4.00 1.10 64.40 3.70 4.25 0.87
E AlB 18/7 C3 PC 0.051 3.99 1.85 64.40 4.10 4.72 1.00
E A/B 18/7 C4 PC 0.050 4.00 1.65 64.40 2.84 4.12 0.69
E A/B 18/7 L1 PC 0.050 4.00 6.30 64.40 16.20 15.14 1.03
E AlB 18/7 L2 PC 0.051 3.99 6.00 64.40 16.60 15.30 1.08
E AlB 18/1 L3 PC 0.051 3.98 5.93 64.40 16.60 15.12 1.10
E AlB 1811 PI PC 0.051 3.99 1.47 64.40 20.80 19.05 1.09
E AlB 18/7 P2 PC 0.052 3.99 7.97 64.40 21.50 20.74 1.04
E AlB 18/1 P3 PC 0.051 4.00 7.99 64.40 20.50 20.38 1.01
E AlB 12/7 C1 PC+WS 0.109 4.01 1.85 50.50 9.50 8.03 1.18
E AlB 12/7 C2 PC+WS 0.109 4.01 1.60 50.50 8.94 6.95 1.29
E AlB 12/1 C3 PC+WS 0.108 4.00 1.65 50.50 9.44 7.10 1.33
E AlB 12/1 fl PC 0.109 3.99 3.00 50.50 13.00 13.03 1.00
E A/8 1211 F2 PC 0.108 4.00 3.10 50.50 10.80 13.34 0.81
E A/B 12/7 f3 PC+WS 0.108 4.00 3.10 50.50 14.56 13.34 1.09
E AlB 12/7 F6 PC+WS 0.109 4.01 3.05 50.50 14.30 13.25 1.08
E A/B 1211 Ll PC 0.109 4.01 5.90 50.50 27.50 25.62 1.07
E AlB 12/7 L2 PC 0.109 3.98 6.05 50.50 27.50 26.28 1.05
E AlB 12/1 L3 PC 0.109 3.98 6.10 50.50 27.50 26.49 1.04
E AlB 12/1 PI PC 0.109 4.01 a.Ol 50.50 33.10 34.79 0.95
E A/B 1211 P2 PC 0.109 3.99 1.98 50.50 32.90 34.6. 0.95
E A/B 12/7 P3 PC 0.108 3.99 1.98' 50.5033.3034.33 0.97
E A/B 18/1 PI PL+PC 0.050 3.99 7.62 62.30 19.25 18.42 1.05
E A/B 18/1 P2 PC 0.050 4.00 7.85 62.30 20.00 18.98 1.05
E AlB 1811 P3 PL+PC 0.050 3.99 1.64 62.30 19.90 18.41 1.08
E A/B 18/7 Cl Pl+PC 0.050 4.00 2.00 62.30 6.84 4.83 1.41
E AlB 18/7 C2 Pl+PC 0.050 3.99 2.10 62.30 6.82 5.08 1.34
E AlB 18/7 C3 Pl+PC 0.050 3.99 2. 8 62.30 6.40 5.21 1.21
E A/B 18/7 C4 Pl+PC 0.050 4.00 2.01 62.30 7.08 5.00 1.41





Specimen Type of t ltJ 2Ll °
(P ) (P )* (P )
Failure (in. ) (in.) u u t u P u t(in.) (ksi) (kips) (kips) (P )
u p
E AlB 1211 P 1 PC 0.110 4.01 1.&1 50.20 35.20 33.16 1.06
E AlB 12/1 P2 PC 0.110 4.02 1.69 50.20 35.10 33.51 1.01
E A/B 12/1 P3 PC 0.110 4.01 1.11 50.20 35.80 33.60 1.01
E A/B 12/1 Cl PL+PC 0.110 4.00 2.05 50.20 13.96 8.93 1.56
E A/B 12/7 C2 Pl+PC 0.110 4.01 2.11 50.20 12.62 9.~6 1.33
E AlB 12/1 C3 Pl+PC 0.110 3.99 2.26 50.20 13.06 9.85 1.33
E A/B 12/1 C4 PL+PC 0.110 4.02 2.35 50.20 12.58 10. Zit 1.23
E AlB 12/7 C5 Pl+PC 0.110 4.01 2.46 50.20 12.62 10.72 1.18
Mean Pm = 1.01
Coefficient of Variation Vp = 0.22
* (p) = 2(O.8)t LlO





Values of Safety Index for Fusion Welds
Based on the Proposed AWS Code (Welding Sheet Steel in Structures)
Type of Weld P Vp
Range of B * Value of B* Number
m D/L=O.lO to 3.0 D/L=l/3 of Tests
(1) Puddle Welds 1.05 0.17 3.72-4.25 3.90 13
(2) Longitudinal Fillet Welds - Flat Sheets 0.96 0.14 3.62-4.22 3.81 64
(2b) Longitudinal Fillet Welds - Flat Sheets
(Optional Formula) 1.02 0.06 4.31-5.44 4.71 46
(3) Longitudinal Fillet Welds - Channels 1.09 0.20 3.60-4.08, . 3.78 22
(4) Transverse Fillet Welds - Flat Sheets 1.05 0.11 4.18-4.97 4.43 55
(5) Transverse Fillet Welds - Channels 1.07 0.22 3.40-3.77- 3.53 42





Summary of Statistics of the Test-to Prediction Ratios of Some Test Programs
on Cold-Formed Steal Columns
Type of Failure Details Ref. Theory ~Number of (P ) /(P )TMin Table u t uTests v
mean
(1) Elastic flexural buckling 13 26; 27 Euler buckling 9 0.97 0.04
(2) Inelastic flexural buckling of compact
columns, cold work considered 14 22~ ,-Tangent modulus 10 1.01 0.02
(3) Inelastic flexural buckling of columns
composed of stiffened elements 15 28 Tangent modulus 18 0.97 0.07
(4) Inelastic flexural buckling of columns
composed of unstiffened elements 16 28, 29 Tangent modulus 31 1.01 0.09
(5) Inelastic flexural buckling of non-compact
columns, cold work considered 17 30 Tangent modulus 12 1.04 0.07
(6) Elastic torsional-flexural buckling 20 19 Tangent modulus 8 1.10 0.10





Comparison of the Tested and Predicted Ratios of Tangent Modulus to Modulus of Elasticity(19)
crfF (E If.) Mean EtfE VY t test
0.97 0.02 0.04 0.05 0.06 0.17 0.21 -- 0.09 0.14 0.86
0.93 0.08 0.09 0.13 0.14 0.28 0.31 0.39 0.20 0.26 0.60
0.90 0.28 0.36 0.40 0.42 0.68 0.69 -- 0.47 0.41 0.36
0.85 0.31 0.51 0.52 0.66 0.70 0.79 0.83 0.62 0.59 0.29
0.80 0.55 0.66 0.79 0.84 0.85 0.88 -- 0.76 0.74 0.15
0.75 0.73 0.74 0.83 0.84 0.93 0.98 LOa 0.87 0.85 0.13
0.70 0.80 0.81 0.91 0.93 0.95 0.98 LOa 0.91 0.95 0.09
0.66 0.91 0.95 0.97 LOa -- -- -- 0.96 LOO 0.04




Comparison of the Tested and Predicted Failure Loads of Cold-Formed
Steel Columns Subjected to Elastic Flexural Buckling(26,27)
Specimen L KL/r (p )* (Pu)t (Pu)tu p (Pu)p(in. ) (kips) (kips)
4Al6Pl 51 151 8.890 8.400 0.95
4A16P2 51 151 8.890 9.000 1.01
4A16P3 51 151 8.890 8.950 1.01
6A16P1 75 222 4.110 3.970 0.97
6A16P2 75 222 4.110 4.190 1.02
6Al6P3 75 222 4.110 3.910 0.95
8A16P1 99 294 2.359 2.220 0.94
8A16P2 99 294 2.359 2.220 0.94
8A16P3 99 294 2.359 2.150 0.91
Mean P = 0.97rn
Coefficient of variation V = 0.04P




Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Subjected to Inelastic Flexural Buckling
Fya A 2 (Pu)t (Pu)TM (P )* (Pu)t (P)tSpecimen KL/r 1\+ u P(ks i) (in. ) (kips) (kips) (kips) (Pu)TM (Pu)p
HRSK10-Cl 47.8 36 0.46 0.58 27.55 26.25 26.10 1.05 1.06
HRSKI0-C2 47.8 48 0.62 0.58 26.68 26.16 25.23 1. 02 1.06
HRSKI0-C3 47.8 56 0.72 0.58 26.39 25.87 24.36 1.02 1.08
HRSKI0-C4 47.8 6S 0.83 0.58 25.23 25.50 22.91 0.99 1.10
HRSKI0-C5 47.8 6S 0.83 0.58 24.65 25.15 22.91 0.98 1.08
HRSKlO-C6 47.8 90 1.15 0.58 22.91 22.46 18.56 1.02 1. 23
HRSK9-Jl 50.0 40 0.52 0.70 33.35 32.70 33.00 1.02 1.01
HRSK9-J2 50.0 60 0.79 0.70 31.94 31.01 29.84 1.03 1.07
HRSK9-J3 50.0 80 1.05 0.70 29.13 29.04 25.97 1.00 1.12
HRSK9-J4 50.0 9S 1. 24 0.70 24.57 24.59 22.11 1.00 1.11
Mean 1.01 1.09
Coefficient of variation 0.02 0.05
*(P) was computed on the basis of Section 3.6.1.1(a) of the AISI Specification.
u p






Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns Composed
of Entirely Stiffened Elements Subjected to Inelastic Flexural Buckling
F A2
(P)t (P)TM (P )* (Pu)t (P)t
Specimen wit KL/r x+ Q
a
u p(k~i) (in. ) (kips) (kips) (kips) (Pu)TM (Pu)p
S-ll 57.3 41.9 8.5 0.10 0.86 0.87 34.83 32.42 31.03 1.07 1.12
S-12 57.3 41.9 39.0 0.44 0.86 0.87 32.16 31. 22 29.62 1.03 1.09
S-13 57.3 41.9 69.1 0.77 0.86 0.87 29.76 30.87 26.45 0.96 1.13
S-14 57.3 41.9 114.1 1. 28 0.86 0.87 17.97 18.49 18.43 0.97 0.98
S-21 83.2 41.9 11. 7 0.12 1.03 0.74 34.92 33.48 31. 73 1.04 1.10
S-22 83.2 41.9 66.0 0.68 1.03 0.74 28.02 31. 93 28.16 0.88 1.00
S-23 83.2 41.9 102.0 1.0~ 1.03 0.74 21.42 22.15 23.03 0.97 0.93
S-24 83.2 41.9 123.5 loU 1.03 0.74 17.72 16.79 18.92 1.06 0.94
S-31 117.7 41.9 7.0 0.0v 1. 26 0.61 36.92 34.90 32.21 1.06 1.15
8-32 117.7 41.9 '29.0 0.27 1. 26 0.61 35.03 34.27 31. 74 1.02 1.10
S-33 117.7 41.9 109.8 1.03 1. 26 0.61 19.53 20.41 23.75 0.96 0.82
S-34 117.7 41.9 109.8 1.03 1. 26 0.61 19.03 20.41 23.75 0.93 0.80
S-35 117.7 41.9 109.8 1.03 1. 26 0.61 18.14 20.41 23.75 0.89 0.76
S-41 152.2 41.9 13.8 0.12 1.49 0.52 36.65 36.21 32.50 1.01 1.13
S-42 152.2 41.9 42.6 0.37 1.49 0.52 33.67 35.16 31.50 0.96 1.07
8-43 152.2 41.9 65.5 0.5? 1.49 0.52 29.20 34.42 29.99 0.85 0.97
S-44 152.2 41.9 116.0 LOO 1.49 0.52 17.58 19.37 24.37 0.91 0.72
S-45 152.2 41.9 138.2 1~20 1.49 0.52 13.71 15.20 20.92 0.90 0.66
Mean 0.97 0.97
Coefficient of variation 0.07 0.16
*(P) was computed on the basis of Section 3.6.1.1(a) of the AlSI Specification.
u p





Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns Including
Unstiffened Elements Subjected to Inelastic Flexural Buckling
Fy A (P)t (P)TM (P )* (P)t (Pu)twit KL/r ;\+ Qs
u pSpecimen (ksi) (in~) (kips) (kips) (kips) (P)TM (P)p
U-11 16.2 41.9 12.9 0.14 0.57 0.82 24.69 22.15 19.17 . loll 1.29
U-12 16.2 41.9 55.7 0.61 0.56 0.82 21.36 21.07 17.51 1.02 .. 1. 22
U-13 16.2 41.9 89.1 0.97 0.56 0.82 20.40 17.68 14.78 1.16 1. 38
U-14 16.2 41.9 116.6 1. 2i7 0.56 0.82 12.17 12.09 11.58 1.01 1.05
U-21 20.6 41.9 12.0 0.12 0.62 0.69 26.11 23.49 17.99 1.11 L45
U-22 20.6 41.9 12.0 0.12 0.62 0.69 25.36 23.49 17.99 1.08 1.41
U-23 20.6 41.9 53.0 0.53 0.62 0.69 24.00 22.43 16.79 1.07 1.42
U-24 20.6 41.9 85.6 (ll. 85 0.62 0.69 20.39 18.81 14.75 1.09 1.38,
U-25 20.6 41.9 108.0 1.08 0.62 0.69 14.98 14.02 12.80 1.07 1.117
U-31 24.9 41.9 9.5 0.08 0.68 0.52 26.91 24.92 14.64 1.08 1:84·
U-32 24.9 41.9 42.2 0.37. 0.68 0.52 23.52 23.97 14.18 0.98 1.66
U-33 24.9 41.9 77 .9 0.67 0.68 0.52 22.70 21.52 13.01 1.06 U74+
U-34 24.9 41.9 95.5 0.83 0.68 0.52 17.94 16.89 12.18 1.06 1~4~ -
u-41 29.2 41.9 7.9 0.06 0.74 0.46 27.44 25.50 14.29 1.08 1.92
U-42 29.2 41.9 44.1 0.33 0.74 0.46 23.38 24.39 13.84 0.96 1.69.
U-43 29.2 41.9 92.4 0.75 0.74 0.46 20.06 17.14 12.27 1.17 1.64
LC-I1 57.6 31.6 49.5 0.22 0.94 0.19 14.95 18.22 5.69 0.82 2.63
LC-I2 57.3 31.6 72.1 0.34 0.95 0.20 14.06 13.94 5.77 1.00 2.44
LC-I3 57.9 30.7 95.8 0.43 0.94 0.19 11.00 10.78 5.35 1.02 2.06':
LC-II1 49.8 30.3 52.7 0.30 0.87 0.32 16.16 17.57 8.33 0.92 1.94
LC-II2 50.4 30.3 83.1 0.47 0.87 0.31 13.16 13.03 7.77 1.01 1.69





Specimen wit F KL/r A+ A Qs
CPu) t (P)TM (P)p (Pu)t (Pu\(k~i) (in?) (kips) (kips) (kips) (P)TM (Pu)p
LC-IIl1 41.9 31.3 58.1 0.40 0.80 0.43 16.50 18.97 10.39 0.87 1. 59
LC- III2 42.9 31.1 98.5 0.66 0.79 0.42 11.66 11.65 9.10 1.00 1. 28
LC-III3 42.6 25.7 138.3 0.93 0.79 0.51 8.82 8.73 8.17 1.01 1.08
LC-IV1 35.8 31.1 68.7 0.52 0.61 0.53 12.19 15.05 9.22 0.81 1.32
LC- IV2 34.7 30.5 97.4 0.74 0.61 0.55 11.30 11.53 8.88 0.98 1. 27
LC-IV3 34.4 31.3 125.0 0.95 0.63 0.54 8.96 8.90 8.22 1.00 1.09
LC-V1 29.4 33.2 73.5 0.60 0.58 0.58 14.61 16.05 10.09 0.91 1.45
LC-V2 29.5 30.6 91.7 0.75 0.59 0.63 12.64 14.20 9.58 0.89 1.32
LC-V3 29.3 30.6 122.4 1.00 0.58 0.63 10.75 9.95 8.39 1.08 1. 28
Mean 1.01 1. 53
Coefficient of variation 0.09 0.24
*(Pu)p was computed on the basis of Section 3.6.1.1(a) of the AISI Specification.See Appendix B.
+A = KL .! (Q F ) IE
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Table 17
Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Subjected to Inelastic Flexural Buckling (Including the Cold Work)
Specimen wIt F KL/r A+ A Q
(P)t (Pu)'IM (P)p (Pu)t (P~t
(k~f) (in?) (kips) (kips) (kips) (P)'IM (P)p
UC-ll 15.8 43.6 40.3 0.45 0.45 0.82 16.51 16.35 15.33 1.01 1.08
UC-12 15.8 43.6 61.2 0.68 0.45 0.82 13.89 15.26 14.29 0.91 0.97
UC-13 15.8 43.6 82.4 0.91 0.45 0.82 13.03 12.29 12.78 1.06 1.02
UC-2l 15.8 43.6 39.2 0.43 0.45 0.82 16.60 16.27 14.99 1.02 1.11
UC-22 15.8 43.6 60.5 0.67 0.45 0.82 13.75 15.11 13.97 0.91 0,98
UC-23 15.8 43.6 81.4 0.90 0.45 0.82 13.09 12.02 12.56 1.09 1.04
SC-11 60.8 41.4 31. 2 0.34 0.90 0.83 33.39 30.63 30.29 1.09 1.10
SC-12 60.8 41.4 59.8 0.65 0.90 0.83 31.67 29.32 27.89 1.08 1.14
SC-13 60.8 41.4 82.2 0.89 0.90 0.83 29.41 27.50 24.95 1.07 1.18
SC-21 56.7 42.1 38.2 0.42 1.31 0.84 48.10 44.54 44.04 1.08 1.09
SC-22 56.7 42.1 59.6 0.66 1.31 0.84 48.62 37.05 41.12 1.11 1.18
SC-23 56.7 42.1 82.9 0.91 1. 31 0.84 45.88 41. 71 36.49 1.10 1. 26
Mean 1.04 1.10
Coefficient of variation 0.07 0.08
*(P) was computed on the basis of Section 3.6.1.1(a) of the AISI Specification.
u p





Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Composed P:"ntirely of Stiffened Elements Subjected to Elastic Flexural Buckling
(Using the Proposed Revision of the AISI Specification)
Fy
A
eff (Pu)t (Pu)TM (P )* (Pu)t (Pu)t
Specimen wit KL/r ~+ ( in?)
u p
--(ksi) (kips) (kips) (kips) (P)TM (Pu) P
• q
5-14 57.3 41.9 120.5 1.45 0.85 17.97 18.4') 17.19 0.96 1.05
S-24 83.2 41.9 132.3 1. 59 0.93 17.72 16.79 15.44 1.05 1.15
5-33 117.7 41.9 122.1 1.46 0.92 19.53 20.41 18.09 0.96 1.08
5-34 117.7 41.9 122.1 1.46 0.92 19.03 20.41 18.09 0.93 1.05
5-35 117.7 41.9 122.1 1.46 0.92 18.14 20.41 18.09 0.89 1.00
S-44 152.2 41.9 130.2 1. 56 0.97 17.58 19.37 16.58 0.91 1.06
5-45 152.2 41.9 149.7 1.80 1.04 13.71 15.20 16.58 0.90 0.83
Mean 0.94 1.03
Coefficient of variation 0.06 0.10
*(P) was hased on the proposed changes. See Ref. 31
u p
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Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Composed Entirely of Stiffened Elements Subjected to Inelastic Flexural Buckling
(Using the Proposed Revision of the AISI Specification)
F A+ Aeff (Pu)t (Pu)TI1 (P )* (Pu)t (Pu)tSpecimen wit KL/r up(k§i) (in~) (kips) (kips) (kips) (Pu)TM (P ,uJp
S-l1 57.3 41.9 9.3 0.11 0.76 34.83 32.42 31. 74 1.07 1.10
S-12 57.3 41.9 ·42.3 0.51 0.77 32.16 31.22 30.07 1.02 1.07
S-13 57.3 41.9 74.4 0.89 0.78 29.76 30.87 26.38 0.96 1.13
S-21 83.2 41.9 13.2 0.16 0.78 34.92 33.48 32.51 1.04 1.07
S-22 83.2 41.9 73.4 0.88 0.81 28.02 31.93 27.42 0.88 1.02
S-23 83.2 41.9 111.4 1.34 0.87 21.42 22.15 20.26 0.97 1.06
S-31 117.7 41.9 15.8 0.19 0.79 36.92 34.90 33.06 1.06 1.12
S-32 117.7 41.9 33.6 0.40 0.80 35.03 34.27 32.15 1.02 1.09
S-41 152.2 41.9 16.4 0.20 0.92 36.65 36.21 33.35 1.01 1.10
S-42 152.2 41.9 50.2 0.40 0.81 33.67 35.16 31.10 0.96 1.08
S-43 152.2 41.9 76.5 0.92 0.84 29.20 34.42 27.78 0.85 1.05
Mean 0.99 1.08
Coefficient of variation 0.07 0.03
*(P) was based on the proposed changes. See Ref. 31
up 1hJE




Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Including Unstiffened Elements Subjected to Elastic Flexural Buckling'
(Using the Proposed Revision of the AISI Specification)
F Aeff (Pu\ (Pu)TM (P )* (Pu)t (Pu)tSpecimen wit KL/r i\+ u p(k~i) (in~) (kips) (Kips) (kips) (Pu)TM (Pu) p
U-14 16.2 41.9 121.9 1.46 0.56 12.17 12.09 11.07 1.01 1.10
U-25 20.6 41.9 119.4 1.43 0.61 14.98 14.02 12.43 1.07 1.21
U-34 24.9 41. 9 121. 3 1.46 0.63 17.94 16.89 12.44 1.06 1.44
U-43 29.2 41.9 127.1 1.52 0.65 20.06 17.14 11.80 1.17 1. 70
LC-I2 57.3 31.6 155.3 1.62 0.69 14.06 13.94 8.40 1.00 1.67
LC-I3 57.9 30.7 178.8 1.84 0.72 11.00 10.78 6.60 1.02 1.67
LC-II2 50.4 30.3 158.0 1.61 0.68 13.16 13.03 7.91 1.01 1.66
LC-II3 50.3 24.7 184.4 1. 70 0.72 9.95 9.85 6.12 1.01 1.63
LC-III2 42.9 31.1 158.3 1.64 0.66 11.66 11.65 7.71 1.00 1.51
LC-III3 42.6 25.7 188.9 1.77 0.71 8.82 8.73 5.78 1.01 1.53
LC-IV2 34.7 30.5 142.3 1.46 0.53 11.30 11.53 7.63 0.98 1.50
LC-lV3 34.4 31.3 161.0 1.64 0.57 8.96 8.90 6.41 1.00 1.40
LC-V3 29.3 30.6 148.5 1.52 0.54 10.75 9.95 7.17 1.08 1.50
Mean 1.03 1.50
Coefficient of variation 0.05 0.12
* (p) was based on the proposed changes of the AlSI Specification by using k = 0.5 for
u p (
local buckling coefficient. 31) See Table 19c for a comparison of the tested and predicted
failure loads on the basis of the proposed changes of the AlSI Specification by using the
computed k values.
+A=KL!-/






Comparisons of the Tested and Predicted Fa"ilureLoads of Cold-Formed Steel Columns
Including Unstiffened Elements Subjected to Inelastic Flexural Buckling
(Using the Proposed Revision of the AISI Specification)
F Aeff (P)t (Pu)TM (P )* (Pu)t (P)tSpecimen wit KL/r A+ u P(k~i) (in~) (kips) (kips) .(kips) (Pu)TM (P )u p
U-11 16.2 41.9 15.9 0.19 0.54 24.69 22.15 22.33 1.11 1.11
U-12 16.2 41.9 64.5 0.77 0.55 21.36 21.07 19.52 1.02 1.09
U-13 16.2 41.9 95.0 1.15 0.56 20.40 17.68 15.90 1.16 1.28
U-21 20.6 41.9 17.9 0.20 0.55 26.11 23.49 22.89 1.11 1.14
U-22 20.6 41. 9 17.9 0.20 0.55 25.36 23.49 22.89 1.08 1.11
U-23 20.6 41.9 72.6 0.87 0.57 24.00 22.43 19.28 1.07 1.24
U-24 20.6 41.9 103.5 1.24 0.59 20.39 18.81 15.21 1.09 1.34
U-31 24.9 41. 9 16.9 0.20 0.56 26.91 24.92 23.30 1.08 1.16
U-32 24.9 41.9 68.7 0.82 0.58 23.52 23.97 20.08 0.98 1.17
U-33 24.9 41.9 108.0 1.30 0.61 22.70 21.52 14.81 1.06 1.53
u-41 29.2 41.9 16.4 0.20 0.57 27.44 25.50 23.55 1.08 1.17
U-42 29.2 41.9 80.5 0.97 0.59 23.38 24.39 19.02 0.96 1.23
LC-Il 57.6 31.6 129.6 1. 35 0.65 14.95 18.22 11.16 0.82 1.34
LC-Il1 49.8 30.3 124.2 1.27 0.64 16.16 17.57 11.59 0.92 1.39
LC-III1 41.9 31.3 118.3 1.21 0.63 16.50 18.97 12.34 0.87 1.34
LC-IV1 35.8 31.1 118.4 1.22 0.49 12.19 15.05 9.64 0.81 1.26
LC-V1 29.4 33.2 112.2 1.20 0.50 14.61 16.05 10.63 0.91 1.37
LC-V2 29.5 30.6 128.1 1.31 0.52 12.64 14.20 9.00 0.89 1.40
Mean 1.00 1.26
Coefficient of variation 0.11 0.10
-
* (P) was based on the proposed changes of the AISI Specification by using k=0.5 for local
u p
buckling coefficient. (31) See Table 19d for a comparison of the tested and predicted failure
loads on the basis of the proposed changes of the AISI Specification by using the computed
......
k values. ......00
+ A = KL 1:. IF IE
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Table 19c
Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Including Unstiffened Elements Subjected to Elastic Flexural Buckling
(Using the Proposed Revision of the AISI Specification)
wit k A+Specimen Unstiffened Computed F KL/r A
eff (p )t (P)TM (p ) * (P ) (P )Element Value y u u p u t u t(ksi) (in~) (kips) (kips) (kips) (Pu)TM (p )u P
LC-I3 57.93 0.925 30.73 153.51 1.58 0.765 11.00 10.78 9.47 1.02 1.16
LC-II3 50.31 0.825 25.68 160.99 1.51 0.752 9.95 9.85 8.46 1.01 1.18
LC-III2 42.89 0.756 31.11 142.07 1.47 0.685 11.66 11.65 9.90 1.00 1.18
LC-III3 42.57 0.756 25.68 169.73 1.59 0.733 8.33 8.73 7.43 1.01 1.19
LC-IV3 34.41 0.703 31. 29 148.13 1.54 0.587 8.96 8.90 7.80 1.00 1.15




* (P) was based on the proposed changes by uS1ng the computed k values.
u p










Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Including Unstiffened Elements subjected to Inelastic Flexural Buckling
(Using the Proposed Revision of the AISI Specification)
wit k A+Specimen Unstiffened Computed F KL/r Aeff (P ) t (P)TM (P )* (P)t (P )Element Value y u u p u t(ksi) (in~) (kips) (kips) (kips) (P)TM (P )u p
U-11 16.24 0.610 41.90 14.10 0.169 0.552 24.70 22.15 23.01 loll 1.07
U-12 16.24 0.610 41.90 58.22 0.698 0.559 21.40 21.07 20.62 1.02 1.04
U-13 16.24 0.610 41.90 89.37 1.072 0.567 20.40 17.68 16.96 1.16 1.20
U-14 16.24 0.610 41.90 116.65 1.399 0.567 12.20 12.09 12.15 1.01 1.00
U-21 20.55 0.640 41.90 15.40 0.185 0.573 25.40 23.49 23.85 loll 1.07
U-22 20.55 0.640 41.90 15.40 0.185 0.573 26.10 23.49 23.85 1.08 1.09
U-23 20.55 0.640 41.90 64.19 0.770 0.585 24.00 22.43 20.92 1.07 1.15
U-24 20.55 0.640 41.90 94.63 1.135 0.603 20.40 18.81 17.16 1.09 1.19
U-25 20.55 0.640 41.90 111.05 1.332 0.618 15.00 14.02 14.44 1.07 1.04
U-31 24.86 0.663 41.90 14.25 0.171 0.588 27.00 24.92 24.49 1.08 1.10
U-32 24.86 0.663 41.90 59.68 0.716 0.600 23.60 23.97 21.95 0.98 1.08
U-33 24.86 0.663 41.90 97.32 1.168 0.626 22.80 21.52 17.33 1.06 1.32
U-34 24.86 0.663 41.90 111.30 1.335 0.642 18.00 16.89 14.96 1.06 1.20
U-41 29.17 0.702 41.90 13.30 0.160 0.602 27.40 25.50 25.11 1.08 1.09
U-42 29.17 0.702 41.90 68.55 0.822 0.620 23.40 24.39 21.64 0.96 1.08
U-43 29.17 0.702 41.90 115.99 1.392 0.672 20.00 17.14 14.57 1.17 1.37
LC-Il 57.61 0.925 31.59 105.02 1.094 0.690 14.96 18.22 15.32 0.82 0.98
LC-I2 57.31 0.925 31.59 132.09 1.376 0.733 14.07 13.94 12.23 1.00 1.15
LC-Ill 49.81 0.825 30.26 103.78 1.058 0.672 16.17 17.57 14.67 0.92 1.10
LC-II2 50.36 0.825 30.26 137.45 1.401 0.708 13.16 13.03 10.94 1.01 1.20
LC-IIIl 41.86 0.756 31.29 101.57 1.053 0.657 16.49 18.97 14.91 0.87 1.11
LC-IV1 35.77 0.703 31.05 104.33 1.077 0.514 12.19 15.05 11.36 0.81 1.07




Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Including Unstiffened Elements subjected to Inelastic Flexural Buckling





.\+Uns tiffened Computed F KL/r A
eff (P ) t (P)TM (P )* (P ) (P )Y u u P u t u tElement Value (ksi) (in:) (kips) (kips) (kips) (P)TM (P )u p
29.43 0.668 33.18 99.88 1.066 0.516 14.63 16.05 12.29 0.91 1.19




* (p) was based on the proposed changes by uS1ng the computed k values.
u p
+.\-KL 1;









Comparisons of the Tested and Predicted Failure Loads of Cold-FQ~ed Steel Columns
Subjected to Elastic Torsional-Flexural Buckling
L A (Pu)t (Pu)TM (P )* (Pu)t (P)tSpecimen KL/r u p(in. ) x (in?) (kips) (kips) (kips) (Pu)TM (Pu)p
A-El 24 21.8 0.17 4.34 3.97 4.25 1.09 1.02
A-E2 24 21.8 0.17 4.34 3.97 4.25 1.09 1.02
LA-E1 60 47.6 0.22 4.56 3.96 4.15 1.15 1.10
LA-E2 60 47.6 0.22 4.54 3.96 4.15 1.15 1.10
CH-E1 60 62.6 0.22 3.51 3.82 4.58 0.92 0.98
CH-E2 60 62.6 0.22 3.77 3.81 4.58 0.99 1.05
H-E1 60 51.3 0.34 5.26 4.57 4.05 1.15 1.30
H-E2 60 51.3 0.34 5.33 4.23 4.05 1. 26 1. 31
Mean 1.10 1.11
Coefficient of Variation 0.10 0.11






Comparisons of the Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Subjected to Inelastic Torsional-Flexural Buckling (Singly Symmetric and Compact Sections)
L A F a~FO + (Pu)t (Pu)TM (Pu)p (P)t (P)tSpecimen (in.) (in?) (k~i) ( si) A (kips) (kips) (kips) (Pu)TM (Pu)p
A-Il 56 0.50 44.7 55.8 0.92 18.96 18.23 17.01 1.04 1.11
A-I2 40 0.47 44.7 65.2 0.86 17.93 17.58 16.97 1.02 1.06
A-I3 55 0.61 41.4 39.3 1.03 20.20 18.20 16.31 1.11 1. 24
A-I4 55 0.62 41.4 38.1 1.04 20.56 18.86 16.33 1.09 1. 26
A-I5 30 0.68 41.4 33.0 1.12 21. 77 19.61 16.42 1.11 1. 33
A-I6 40 0.28 30.0 58.8 0.71 16.54 17.98 7.22 0.92 0.88
LA-II 60 0.66 47.0 52.5 0.95 24.23 24.72 16.70 0.98 1.45
LA-I2 40 0.86 45.6 46.2 0.99 29.62 32.28 21.12 0.89 1.40
LA-I3 50 0.66 47.0 38.7 1.10 19.99 21.50 15.74 0.93 1. 27
LA-I4 65 0.86 45.6 34.6 1.15 25.85 26.93 19.78 0.96 1.31
LA-IS 59 0.50 31. 7 35.6 0.94 13.31 12.56 11. 70 1.06 1.14
LA-I6 50 0.56 31.7 48.7 0.81 12.84 13.81 13.90 0.93 0.92
LA-I7 50 0.39 32.2 40.0 0.90 9.85 10.37 9.43 0.95 1.04
LA-I8 50 0.45 34.2 44.8 0.87 12.16 12.80 10.96 0.95 1.11
LA-I9 50 0.42 32.2 41.5 0.88 10.93 10.89 10.03 1.00 1.09
CH-Il 55 0.66 45.2 55.6 0.90 25.63 26.98 23.41 0.95 1.10
CH-I2 34 0.45 31.0 62.6 0.70 13.39 12.88 11.75 1.04 1.14
CH-I3 40 0.45 31.0 49.5 0.79 12.66 12.66 11.34 1.00 1.12
CH-I4 60 0.45 31.0 28.7 1.04 11. 32 11. 67 9.86 0.97 1.15
CH-I5 60 0.61 30.4 34.6 0.94 15.33 16.54 12.52 0.96 1. 22
CH-I6 55 0.55 30.4 41.5 0.86 15.14 14.99 12.44 1.01 1.22
CH-I7 50 0.46 31.0 35.8 0.93 12.44 12.44 10.77 1.00 1.16
CH-I8 55 0.56 30.4 41.2 0.86 14.67 14.97 12.52 0.98 1.17





L A F CJTFO
(Pu)t (Pu)TM (P )* (P)t (Pu)t
Specimen ;\+ u p(in.) (in?) (k§i (ksi) (kips) (kips) (kips) (P)TM (P)p
H-I1 45 1. 05 46.9 56.8 0.91 40.16 41.43 25.34 0.96 1.58
H-I2 50 1.19 46.9 61.4 0.87 46.51 46.98 28.89 0.99 1.61
H-I3 60 1.05 46.9 37.4 1.12 33.22 36.11 23.54 0.92 1.41
H-I4 50 0.65 36.5 31.5 1.08 15.54 18.28 14.00 0.85 1.11
H-I5 50 0.56 36.5 28.0 1.14 12.62 15.02 11.56 0.84 1.09
H-I6 60 0.79 30.7 32.7 0.97 18.43 19.60 17.14 0.94 1.08
Mean 0.98 1. 20
Coefficient of variation 0.07 0.14
*(P) was computed on the basis of Section 3.6.1.2(a) of the AISI Specification.
u p





Values of Safety Index for Axially Loaded Compression Members
Type of Failure
Values of Safety Index, B
D /L



















(1) Elastic flexural buckling 3.45 3.89 4.67 5.32 9
(2) Inelastic flexural buckling of compact columns,
cold work of forming considered 4.18 4.60 5.27 5.76 10
(3) Inelastic flexural buckling of columns composed
of entirely stiffened elements 2.86 3.03 3.27 3.42 18
(4) Inelastic flexural buckling of columns including
unstiffened elements 3.81 3.96 4.14 4.25 31
(5) Inelastic flexural buckling of non-compact columns,
cold work of forming considered 4.03 4.40 4.96 5.34 12
(6a) Elastic flexural buckling of columns composed of
entirely stiffened elements (proposed changes) 3.37 3.75 4.22 4.59 7
(6b) Inelastic flexural buckling of columns composed
of entirely stiffened elements (proposed changes) 4.18 4.74 5.39 6.10 11
(7a) Elastic flexural buckling of columns including
unstiffened elements (proposed changes) (k = 0.5) 5.03 5.51 6.00 6.47 13
(7b) Inelastic flexural buckling of columns including
unstiffened elements (proposed changes) (k = 0.5) 4.46 4.93 5.43 5.91 18
(7c) Elastic flexural buckling of columns including unstif-
fened elements (proposed changes) (computed k values) 4.58 5.34 6.34 7.14 6
(7d) Inelastic flexural buckling of columns including unstif-
fened elements (proposed changes) (computed k values) 4.12
(8) Elastic torsional-flexural buckling 3.65
(9) Inelastic torsional-flexural buckling 3.90
126.
Table 23
Values of Safety Index for Various Values
of Slenderness parameters and Dead to Live Load Ratios
"- D/L
A 0.10 0.33 1.00 3.00
0.2 3.51 3.83 4.42 4.74
0.4 3.62 3.93 4.65 4.94
0.6 3.84 4.15 4.71 5.13
0.8 3.93 4.21 4.91 5.25
1.0 4.18 4.60 5.27 5.76
1.2 4.23 4.68 5.33 5.81









Chong and Matlock's Formula I
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a 2 bolts in line
0 3 bolts in line
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Fig. 6 Comparison of Tested and Predicted Ratio~ of
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